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The SUBSCRIBERS to this WORK. 
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CINCE that by your kind Encou t, I have been enabled to 
D publiſh the following Sheets, I think tis a Duty incumbent on me, 

to inſcribe them to you; and more eſpecially, as that I am confident you 
are not only true Judges of their Merit, but the moſt capable to protect 


them from the Injuries of ſuch ignorant and ill-natured Perſons, who 


ridicule and deſpiſe all things which exceed the Bounds of their Under- 
ings; for as Chaucer ſays, $6 7 


The Fool is always backward to belicue, 

And hates to credit that He can't conceive ; 
Will pin no Faith upon a faithful Guide, 
But what he doth not 2 drride. es 


Tu great Advantages that Works of this kind have been to the 
Publick, and to Builders in general, are very evident, by the many 
Buildings that have been raiſed in this Kingdom within a few Years 
paſt, whoſe goodneſs of Work, exceeds all that were built before ; and 
which is wholly due to the Induſtry of ſuch Workmen, who have de- 
lighted in the Lien of Drawing, Arithmetick, Geometry, Architec- 
ture, &c. Arts little underſtood by Workmen of former Ages, and 
which enables all to execute their Works, in the moſt Maſterly man- 
ner, and in the leaſt tine. | | 
To conſider the many Books of Architecture that are now in the 
World, any Perſon would .imagine, that more would be ſuperfluous, 
But as no Author has yet treated of all the Arts which are the ve- 
Baſis of Architecture in one Volume, and which every complete 
orkman ſhould underſtand ; I therefore, with regard, to Workmen, 
and others who delight in theſe Arts, and cannot eafily farniſh them- 
ſelves with the beſt Authors 9 the ſeveral Subjects that are neceſſary 
for their Purpoſes, have preſumed to compoſe this Work, which contains 
not only the uſeful Rules in every Science of all the greateſt Maſters 
that have yet lived in all Nations, but a pu many others that are en- 
tirely new, and of very great uſe both in Theory and Practice, which I 
2 to recommend to your impartial Judgments, and to ſubſcribe 
mylelf, | | 
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865 PART I. Of Ax1THMETICE. 
Sc r. 1. Of the ſeveral Parts of Arithmetick, and the Notation 
| CO e, nd 0 as and to read. their 


| What is Arithmetichd | | 
M. Arithmetick, a Gre Word, 9 Art or Science, that 
teaches the Uſe and Properties of Fi res, or right Art of numbering. 
e ha, 
o denote an ven quantity wi proper Chardter, to 8 
3 by Words, which calle Notation. exp 
M. 


»- 


The yay Ke ee by kich Þ expreſs'd, ba 
* ere are man of Notation by w Quanti erer 
the moſt uſual are Literal and Figural. ” 

P. What is Literal Notation? 
N. The expreſſing numbers by Letters, and is therefore called Ty and 
A by the Hebrews or Fews, 'Chaldeans, Syrians, 


Arabians,  Perfians, and others of the Eaſtern Nations. The Greeks alſo, ex- 


Preſſed Numbers by diyers of their alphabetical Letters, and initial Capital Let- 
den of ſome of their numeral words, as, U nien, Five, a As, Ten, HBug7d), 
an Hundred. x NA, a Thouſand, M Muypot, 222 
R. Pray <wbat kind of Letters are uſed now for N tation 

+ M- Divers of the Remay Capitals, which meth en 
the Latins firſt took from the Greeks, as is very evident from the initial Letters 
of ſeveral of their numeral words as follows. wiz. The Capital C which is the 
initial Letter of Centum the Latin word for an Hundred, kT Ns 


ne: | 
4 eee, 

P. Pray why is hal n ſid by an L 
. You an ch ancient form A. Capital ©; 3 
vritten L; e therefore the Ancients ſigni ſied 
half a Hundred of it, as thus L, which being like unto the Ca- 


Xs Sabie Few take the liberty to denote half a Hundred by that 
. : 
| | 83 5 + Bo @ 
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| II 
a Million and ſo MDCCXXXVIIL or ClyDCCXXXVHI; denotes the Dai 


TL tg 


Of NUMERATION. 


P. 7 thank you Sir ; pr roy 
M. I will: "The Capita 


thereof as thus U did alſo denote five. - Now as this half Letter hath more of the 
likeneſs of the Capital V, than of any other Capital, therefore Printers and others 
have uſed the V, inſtead of the half Letter 5) 75h Five; and to denote Ten, in- 
ſtead of uſing the Capital D, as the Ancients did, they join together two V's at 
their narrow ends, the one upright, the other down-right, in manner of the Ca- 
pital Letter X, which now is uſed to denote Ten. 

Again, as Mille is Latin for a Thouſand, therefore the Ancients uſed the Capi 
tal M to denote a Thouſand, as it is now uſed at this day ; and as the old 


racer of the Capital M, was this O, whoſe right hand de _—_ like unto the 


Capital D, therefore Printers, Sc. denote five Hundred by the Capital D. You 
are alſo to note, That as this ancient M © had ſome reſemblance of the Letter 
I placed between two C's, of which one is turned the wrong way as thus CIg, 
therefore thoſe Letters are now uſed by ſome to denote a Thouſand, inſtead of 
the Letter M and Iy to denote five Hundred, inſtead of the Letter 1 

P. Pray by aubat Character did the Ancients uſe to denote One ? 

M. Both Greeks and Latins denoted One by one ſingle ſtroke, as being the na- 


tural and moſt ſimple Character of one ſingle thing; ànd therefore One, is repre- 


ſented by the Letter I. Now from theſe ſeveral Characters the followin 

ders, are expreſſed by the Romans or Latins, vix. 1 One, IT Two, III Three, 
IV or IIII Four, V Five, VISix, VII Seven, VIII t, IX Nine, X Ten, XI 
Eleven, XII Twelve, XV Fifteen, XX Twenty X Thirty, XL Forty, 
L Fifty, LX Sixty, LXX Seventy, LXXX Ei — XC Ninety, C a Hundred, 
CC two Hundred, CCC three undred, CC TID D or Io, or I 
five Hundred, DC fix Hundred, DCC ſeven Hundred, M. or CIO. or cls, a 

Thouſand, 190 five Thouſand, CCTHy ten Thouſand fifty Thouſand, 
COC an undred Thouſand, 15500 five Hundred Thoafand, Sc 


of this year One Thouſand Seven Hundred and Thirty Eight. + - 
P. But pray Sir why is Nine and Eleven denoted by the ſame Letters ? | 
M. As the I being ſet after the X, add, one to the X and makes it Eleven, ſo 


on the contrary when the I is ſet before the X, as in Eleven, it leſſens its value 
one; and therefore ſigniſies but Nine. For the ſame reaſon the 1 placed before 


the V, Five, leſſens its value one, and ſignifies but four. The ſame. is alſo to MS 
obſerved of Forty, and Ninety, where the X being ſet before the L Fifty, leſſens 

its value Ten, and fignifes but Forty, and being placed before the C, a Hun- 
dred, leſſens its value Ten, and fi 5 but Ninety. Aud it is further to be ob- 
ſerv'd that ſome uſe IIX for to denote Eight, an XRC, to denote LXXX, as 


being more conciſe. The V and L are never repeated, nor are any — : 


Characters repeated more than four times; the I repeated ſour times thus IIII, fignifies 
four, but the V is five, not IIIII. So likewiſe 7 thus CCCC ſignifies four 


Hundred, but five Hundred is denoted by D, 21 , as aforeſaid, and not by 
CCCCC. Now as by this method the Notation Numbers by Letters is very 
| tedious, the Figural otation was invented, as being more expedite. 


P. What is Figural Notation p 
M. The manner —_ _ quantities by the Ten Arabick Charaften,: ix. 

Ry as follows, vis. 1 one, 2 two, 3 three, {four 
ſeven, 8 ws t. 9 nine, o, nought, Cypher, or nothing. 


five 
theſe Characters have been uſed in England? 


Pray | 
M. Dr. 5 Ge. Treatiſe of Algebra, 8 12. ſays they were intro- 
duc'd about the Year, one Thouſand, one H 


Hundred and eight years fince. | 
P. How many diſtin parts is Arithmetick divided into? © 
M. Three, two of which are properly called Natura}, and the third Artificial. 


NI. The 


v. What are thoſe which you call tral 


. — 25 "which } is the initial Letter of Decem the 
Latin for Ten,) was anciently uſed by the Latins to denote Ten, and one 


od and Thirty, which is fix | 
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Of NUMERATION. 3 
M. The firſt part is that kind of Arithmetick which is called Vulgar, and 
which is the Doctrine of whole Numbers, and the moſt plain and eaſy, becauſe 
every Unit or One, (which is called integer) * 5 or ſigniſies, one entire thing, 
or quantity of ſome kind of Species, as a Nail, Lath, Brick, c. The ſecond 
| t is the Doctrine of broken Quantities, or parts of Units, or Integers, which 
is called vulgar Fractions, and wherein the Unit or Integer is divided into a cer- 
tain Number of even, or uneven parts. As for Example, if a Foot be the given 
or propoſed Unit or Integer, and be divided into twelve Inches; then one 
Inch becomes a Fraction, or twelfth part thereof, two Inches one ſixth part, three 
Inches one fourth part, four Inches one third part thereof, c. This part of 
Arithmetick may be conſidered either as pure, conſiſting of fractional parts only, 
each leſs than a Unit; as quarters, halves, &c. or of Integers and Fractional 
intermixt, as one and a half, two and one third part of one, &c. The 
third Part which I call artificial, is alſo called Decimal Arithmetick, which 
is an Artificial Method of working FraQtions or Broken Numbers in a much eaſier 
manner, than that of vulgar Fractions, and which differs very little from vulgar 
Arithmetick. 

P. Pray why is this artificial kind of Arithmetick called Decimal” Arithmetick? 

M. From the Latin Decem Ten, into which every Integer is ſuppoſed to he 
ſubdivided, and indeed in many Caſes, every ſubdiviſion is ſubdivided again into 
10 leſſer parts, &c. Suppoſe one Foot in length be an Integer or Unit given, 
and let it be divided into 10 equal parts; then, we ſay, the Foot is decimally divi- 
ded, and if every tenth part be decimally divided again in the like manner, 
then the Foot will be divided into one Hundred parts, and is then ſaid to be Cen- 
teſimally divided. | | 
P. I underſtand you Sir, and defire to know in the next place, what uſe is the 

Cypher of, fince that of itſelf it fignifies nothing ? + 

M. To augment or increaſe other Figures ; thus if next after the Figure 1, I 
place an o, as thus 10, they together ſignify Ten, and 20 ſignifies Twenty, 39 

hirty, 40 Forty, &c. whereby the value of every Figure is increaſed ten times. 
So alſo, if to 10, you add another Cypher, as thus 100, it will increaſe the 10 
ten times, and together ſignify one Hundred, So in like manner 200 ſignifies two 
Hundred, zoo three Hundred, 400 four Hundred, &c. And if to 100 you add 
another Cypher, as 1000, it will increaſe the 100, ten times, and make it one 
thouſand. 8 A | FONG. 

So in like manner, 2000 ſignifies two thouſand, 3ooo three thouſand, 4000 
four thouſand, &c. Again if to 1000, you add another Cypher, as thus 10000, 
the 1000 will be made ten thouſand ; and in like manner if a Cypher be added 
to 2000, as thus 20000, they will ſignify Twenty Thouſand, and 30000, Thirty 

. hat WY  Cyphe 
P. Ven well Sir, and e that to 10090, I add one, two, or more ri, 
will they always increaſe 22. of the former ten times ? 

M. Ves; for if to 10000, you add another Cypher as thus, 100,000, the va- 
lue is increaſed from ten thouſand to one hundred thouſand ; and ſo in like man- 
ner, the addition of another Cypher to 100,000, as thus, 1,000,000, will in- 
creaſe them unto ten hundred thouſand, which is called a Million. 

Now if you conſider the increaſe that has been made by the addition of the Cy- 
hers, it will be very eaſy to read or expreſs the true value of any Number of 
yphers, when written, or to write down any given Number propoſed. But to 

make this more plain, I will give you a Table of the increaſe of Unity by the 
addition of Cyphers, unto one "Thouſand Millions, as follows. | 


6 - os 1 Unit 


the 
their Characters expre 
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1, Unit 
10, Ten 3 5 

100, one Hundred, or ten times ten 
1000, one Thouſand, or ten times one hundred 
10000, ten Thouſand | | 145 
100,600, one Hundred Thouſand, or ten times ten Thouſand 
1,000,000, one Million, or ten times one Hundred Thouſand 
10,000,000, ten Million LOSER Sgt | 
100,000,000, one Hundred Million, or ten times ten Million 
1000,000,000, one Thouſand Million, or ten times one Hundred 


P. 1 porfe2h underfland the Iecreaſe that is made by adding of a Cypber or ＋ | 


| phers to any of the nine Figures; but, how are Nambers to be under tod when 
vers of them are placed together, either with, or without Cyphers, as 12, er 124, or. 


1234, &c? | 7 | | 2 | 
15 This I will make very eaſy to you, and which increaſe each other's value, 


Juſt in the very ſame manner, as is done by the addition of Cyphers ; 2s for Ex- 
ample, if to i, I place a, as thus, 12, they together fignify twelve, which is 
no more than the value of the 2, placed in the Cypher's 6 24 added to 10 and 


ſo in like manner 13 ſignifies thirteen, 14 fourteen 16 fifteen, Ac. ſo likewiſe 
23 ſignifles twenty three, 25 twenty five, &c. So i 


| plain, that the firſt fi- 
res to the right egit) ſo many Units, and the other ſo many Times ten, as 
| ſs. And therefore the firſt place is called the place of Units, 
and the ſecond the place of Tens. And as the Figures in the ſecond place are 
Tens, and ſignify ten times their Number of Units, ſo F —_— in the third Place, 
are Hundreds, and fignify ten- times their Number of Tens; as 123, wherein the 

1 ſignifies one Hundred, the 2 twenty, and the 3 three, and whole one 


Hundred twenty and three. 


To make this plain, obſerve the following Range of Figures, where every one 
ſignifies ten times the Figures it precedes, and where their places are not only 
expreſs'd in words at Length, but are alſo divided into the ſeveral diſtin& Co- 


lumns or Periods, by which they are to be numbered ar expreſſed. 


5 8 8 2 8 8 LY 
2. 2 22 12 ME 


Thds. Units | Thds. Units. | Thds. Units ST Units | Thds 


Hb id. 10, 16. pro, atv, |Tv, tv, Aru. #10, 


Thds. Qua- | Thds. Tril- Thqs. Billions | Thds. Mill. Thou- Hun- 


of drill. ] of lions 3 of I fands dreds 
drill. I. lions I D, Xe | | 
K. - ES . F. | 


Now it is to be obſerved, Firſt, that the Places of Numbers are always firſt 
reckoned or numbered, from the right hand to the left, and then read or ex- 
preſſed in words from the left to the right. So in the firſt Column A to reckon 
the number 524, 1 begin at the 4, calling that Units, then proceed to the 2, call- 
ing that Tens, and laſtly to the 5, calling that Hundreds, Saying Units Tens 
Hundreds, which then read from the left to the right, ſaying Five Hundred 
twenty and four Units. Again, if tothe Column of Units I join 371 the Column 
Thouſands, I begin to numerate them as before, ſaying Units at 4, Tens at 2, 
undreds at 5, Thouſands at 1, Tens of Thouſands at 7, and Hundreds 

| | 5 eg 


- 


a 
1 


Of NUMERATTION. p 
fands at 3; which Fexpreſs or read, Three Hundred Seventy and one Thouſand 
five Hundred, twenty and four, and fo in like manner any other Number. 
: Secondly, by the Capital Letters HTU, placed under the Figures of every 
Column, you are to underſtand the repeating of the Denominations of Units Tens 
and Hundreds of the Units and 'Thoufands of each Period. TE 
P Pra, 4vbat do you mean by a Period ? _— 
N. A period is a Quantity expreſſed by fix Figures, and are Units, Millions, 
: Billions, Trillions, Quadrillions, Quintillions, Sextittions, &c. So here, the 
Period of Units is the Columns A B, which are three Hundred feventy and 
one Thouſand, five Hundred twenty and four Units. The Period of Millions, is 
the Columns C D, which are four Hundred forty and two Thouſands, four Hun- 
dred forty and four Millions. The Period of Billions, is the Columns E F, 
. which are four Hundred forty and four Thouſand, four Hundred and forty four 
"Billions, and ſo the like of Trillions, Quadrillions, Se. | 

P. Pray, what do you mean by a Billion, Trillion, &c. 

M. A Rillion, is a Million of Millions, a Trillion is a Million of Millions of 
Millions. Fe. and therefore as you ſee that every Column conſiſts but of three 
places of Figures, viz. of Units, Tens, and Hundreds, which in general begin 
with Hundreds, altho' the Units may be Units, as in Column A, or Thouſands 
as in Column B, or Millions as in Column C, Se. and as every Period con- 
tains two Columns, or fix Figures, 'tis very eaſy to read any range of Figures, 
that can be propoſed, as is evident from the aforefaid; which are thus expreiled in 

Words, wiz. three Hundred thirty and three Thouſand, three Hundred 
and. thirty three Quadrillions ; ſeven Hundred ſeventy and ſeven Thouſand 
ſeven Hundred, ſeventy and ſeven Trillions ; four Hundred forty and four Thou- 

fand, four Hundred forty and four Billions ; four Hundred forty and two Thou- 
fand, four hundred forty and four Millions, three Hundred ſeventy and one Thou- 
 fand, five Hundred twenty and four. g FR we; 

But that you may perfectly underſtand how to reckon or numerate any Range 
of Figures propoſed, and to truly underſtand the value of their reſpective Places, 

+. =Y will theredore give you the following Table. 


TaBTIE of NUMERATION., 


* 
1 * 1 . 4 
A * Ti x 
. a < » : : 
: * „ ö . 4 : 
> £ Su — * ” — __ 4 * 0 2 * 
3 £ N. 8 K a. 5 * — * 4 a WR . * 2 : "$4 8 Si, 12 s 
* - : — 0 - > 4 +4 1 2 1 2 nah * e 4 * 8 
1 1 * . * 4 wn » p % 3 y "4 8 wy 4 oY 1 4 21 wet c i „ ; We N 
2 "> W*, a" 1 x » a , 4 1 4 , MF" i pl S r 
: £ by 4 24 1 by > 3 1 * * 0 * 1 8 
* 2 * 1 4 F 20 X © nn ©. atKts R 
& * ” 8 * - * 1 4 * 2 * 
Zo + mm ” 1 2 k by 5 N 0 e bt 2 o ko 
_ a 1 — * 1 wy , Py * og — » hs d. 
Ks * 5 Aras, k : - - 1 f * - - 3 * 
5 _ p . 2 K w _ I— — — 4 — mt. amd. — 
w . 2 . 7 => — 
. N X . * — — — 7 3 7 < 
P & _ * = 1 


7 
. 
1 


‚ lions. 


JU O ww A Hundreds of Mi 
eds of Thouſands 


10ns. 


tw» -» Thouſands of Billions. 
© ow ow + wr - Thouſands of Millions. 
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— the Margin. 


In this Table, you ſee a Demonſtration of all that J have been informing you, 
with regard to the places of Figures, exceeding each other ten times. 7 

P. *Tis very true, Sir, pray is there any thing further to be known, relating to the 
Numeration and Expreſſion of Figures? . | 

M. Ves, tis neceſſary, and indeed a very ready way, in long Numbers, to 
place a Comma before every third Figure, thereby diſtinguiſhing the Units, 
Tens, and Hundreds in every Column as aforeſaid, and the Millions, Billions, 
Trillions, c. by one, two, three, Cc. Dots or Points placed under them, as is 
done under the lowermoſt Line of the preceding Table. | 


LECT. II. Of Abpirion. 
What is to be underſtood by Addition ? | 
M. To collect, or gather into one Sum or Total, all ſuch Sums or Quan- 


tities, as may be given or propoſed, which is performed by the two following 


Rules. 
Ronin: Tl. 

Place all the Numbers given, to be added together; ſo as that each. Figure 
may ſtand directly under thoſe Figures of the ſame value, wiz. Units under 
7012 Units; Tens under Tens; Hundreds under Hundreds, &c. Which be- 

540 ing done, (always) draw a Line under the lowermoſt Number, to ſeparate 

12 their Sum when found. As for Example : Suppoſe the Numbers 7012, 

9 540, 12, and go, were to be added together, they muſt be placed as in 


Always begin to add the'given Quantities together, at the place of Units; addin 
together all the Figures that ſtand in that Column; and if their Sum bel 


than ten, ſet it down underneath the ſaid Column: but if their Sum be more 
than Ten, ſet down only the Overplus, or odd Figure more than Ten or Tens; 


and as many Tens as are contained in the Column of Units, ſo many One's you 
muſt carry and add unto the ſecond Column of Tens; adding them, and all the 
Figures that ſtand in the Column of Tens tagether, in the ſame manner as 
thoſe of the Column of Units were added: and ſo in like manner proceed to 
the Column of Hundreds, Thouſands, &c. until every Column is done; and 
placing the whole Amount of the laſt Column underncath the ſame, the Sum 
ariſing from thoſe Additions, will be the total Amount required, 


3 3 5 J. 

To „ add 234;.whichplace as in the Margin. 
wo Progite. —— at the place of Units, and ſay 5 and 3 is 8, 

7543 Which being leſs than ten, ſet it underneath that Column. Then 

2345 proceed to the ſecond Column of Tens, and ſay 4 and 4 is 8, 

| | —— Which being leſs than ten, place it alſo underneath that Column. 
Jum. 9888 Again, in the third Column of Hundreds, ſay, 3 and 5 is 8, 


which being alſo leſs than ten, place it alſo underneath that Co- 


lumn. Laſtly, in the Column of Thouſands, ſay, 2 and 7 makes o, which place 
underneath that Column; then will the Product be equal to 9888, the true Sum 
required. | 


| ExamMPLE II. 

To 9999999, add 8888. which placeas in the Margin. 
| Practice Beginning at the Column of Units, ſay, 8 and 9 
9999999 is 17; now, as 17 is 7 mare than 10, therefore ſet the 7 
8288 underneath, and carry the ten unto the ſecond Column or 
—— placeof Tens, calling it one, and then ſaying, one that I car- 
Snm. 10008887 ry and 8 is 9, andgis 18; then place the 8 under the place 
of tens, and carry the ten unto the next Column of Hun- 


dreds, 
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dreds, (becauſe * times 10 is one Hundred) ſaying, one that I carry and 8 is 


9, and 9 is 18 place the 8 under the Column of Hundreds, and carry one for 
the ten, to the next Column of Thouſands, (becauſe io Hundred is equal to 
one Thouſand). Proceed in like manner, to the Column of tens of Thouſands, 
c. and the true Sum required, will be 10008887. 


ExAamMPLE III. 


It is required to find the true Sum of 1430 more 234, more 456, more 789, 


more 91. which place as in the Margin. 
gin as before, at the Column of Units, ſaying, 1 and ꝗ is 10, 


and 6 is 16, and 4 is 20. Now as 20 contains ten twice, and none 1430 
remains, therefore under the Column of Units place a Cypher o, 23 
and carry the two tens to the Column of tens, ſaying, 2 that I 45! 
carry, and 9 is 11, and 8 is 19, and 5 is 24, and 3 is 27, and 789 
3 is 30. Now as 30 contains ten three times, and nothing remains, e 
therefore under the Column of Tens place an o, and carry 3 to the — 


piace of Hundreds, ſaying, three that I carry, and 7 is 10, and 4 Sum. 3000 
is 14, and 2 is 16, and 4 is 20 Now, as 20 contains 10 twice, 
and nothing remains, therefore place o under the Column of Hundreds; and 
carrying the two Tens to the place of "Thouſands, ſay, two that I carry 
and 1 makes 3, which being placed under the place of Thouſands, the true 
Sum will be zoco, as r _ R . 
P. [underſtand your Method of caſtin every Column by itſelf, and to carry the 
Tens — als they — — CE * — 4 any 225 — But bh Ore 
you Pra ger any further, pray demonſtrate the reaſon thereof. = 
. I will, with the laſt Example, as following. | 
Add together each ſingle Column of Figures by 
itſelf, as 1f there was no other Columns of Figures 
to be added, and underneath each Column place 
the Product. | | 
Thus the Product of the firſt Column of Units, 
is 20; the Product of the Column of Tens, is 28; 
the Produt of the Column of Hundreds, is 17; 
and the Product of the Column of Thouſands, 


is 1. | 

Now theſe four ſeveral Products being added to- 
gether, in like manner, their, Product will be 3ooo, 
as following. | | | zloloſo Sum as before. 


{ 


— 
— — 
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The particular Products of the a- 
bove four Columns. 


1 


By this continual Addition of E 
the Products, they at length ter- o eg 
minate in the Total, Which was 20 cond time. 
to be demonſtrated. 4 


, 5 Fa | * Sums added as above, a third 
2 » 


time. 


; 310{0lo The Total or Product, as above. 


P. 1 thank you, Sir, for this Demonſtration, awhich has well informed me of the 
reaſon of carrying on the Tens, as they ariſe, to the next Column. Pray Sir, be 


Their Sums added as above, a ſe- 


F ̃ ͤr:V! ere adm. 
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pleaſid, is the next place, to proceed to other Examples, for "His 4 pleafare to work, | 


avben I know the reaſons of my Operations. 


M. I am glad to that you are ſo pleaſed with Demonfirations, which very few 


| Youths care to trouble themſelves with. 


P. Such there are, there's no doubt of ; but did they know the Sevternefs 3 Des” 


ion, they would firiftly purſue it; for by this fingle Demonſlration only it is 
— Tear the . E its Parts taken together, that is, 1 am taught 
to know that the Numbers which are propoſed to be ade together, are the ſeveral 
Parts, and their total Sum found by Addition to be the whole. | 5 
M. Tis true, you rightly conceive it, and you will as eaſily conceive the reaſon 
of the Proof of Addition. wg | | 
F. n — . | 
M. By parting or ſeparating the given 8 or Numbers into two (or 
more) parcels, according to the — — of the ſeveral Numbers contained there- 
in ; and then adding up each Parcel by itſelf, their particular Sums being added 
together, the Sum total thereof will be equal to the other Sum total firſt found, 
if the Work be truly performed; if otherwiſe, 'tis falſe, and care muſt be taken 
to diſcover and correct the Error, by going over the whole again. 1 


EXAMPLE. 


123456 123456 423165 
5 . B 214365 Cizzbiz 
A 24135 241356 . 
423165 e 855780 
432615 $79177 wn 


2. >. - + 8 AG - | EY 

(1) In this Example, the given Quantities are 123456, more 214365, moth 
241386, more 42 re 432615, whoſe Sum total is equal to 1185877 

(2) Dividing chele ve given Quantities into two parts, as the firſt three by them- 

ſelves, as B, and the laſt two by themſelves, as C; their two Sums or Totals, ad- 


at A. 
The Sum Total of B, is 579177 
The Sum Total of C, is 855780 


| The grand Total, is 1434957 Which is equal to the Total of the 
five given — corp A, as nab A 
or Quantities given, may be proved. : | 

P. I underſtand you perfectiy well, and can now prove the truth of any Total re- 

guired. Pray proceed to my further Information in other things neceſſary to my par- 
$0/e. | 
Wit I will : and firſt, with reſpect to Meaſures of Length. 
P. What Meaſures of Length are moſt generally uſed in Buſineſs ? 
M. The Foot, the Yard, and the Pole or Perch. 
P. How is the Foot commonly divided? 


M. Generally into twelve equal parts, called Inches, and of thoſe Inches 


into eight, and ſometimes ten equal parts, which laſt is called a Decimal Diviſion 
of the Inch, and then the whole Fovt is divided into 120 equal parts. 
P. I the Foot divided into any other forts of Parts or Diviſions 5 
M. Yes, 'tis ſometimes divided into one hundred ee which is called, the 
centeſimal Diviſion of the Foot, as has been already obſerved; by which the Di- 
menſions of Glaſs, Marble, Sc. are taken. | 
PF. Pray give me ſome Examples in theſe two kinds of Feet Meaſure. - + 
" I will and firſt, of the Foot divided into 12 Inches, and each Inch into 


ded together, will be equal to the Total of the whole five Numbers taken together | 


nd ſo in like manner any other Sum 


II. Addition 
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II. Addition of Feet, Inches, and Bb... 
Examete I. 
Feet, Inch. 8th Parts, 


27 7 

= 13 7 53 e 
a * Rule. 
Collect into one Sum thoſe 1 | | 
yr " C2 For yy Sth parts, ca 
ſeveral Lengths, vis. p = - : ry 1 to hs Inches ; for ms 
| 18 4 2 very 12 Inches; carry : to 
9 10 1 


the F cet, which add 43 IN 
5 — — — tegers. y 

Anſwer. rien 93 | 
Take the following Examples for Practice. 


ExamMPLE II. ExaMrLE III. 
Feet. Inch. 8ths. Feet. Inch. 8ths. 
„„ 123 11 7 
4 10 2 32 7 4 
$88; 7 3 
61 172 11 46 
7 75 10 0 


| Sum 66 2 6 Sum 411 2 4 IDs 
I will now proceed to Examples of Foot Meaſures, centeſimally divided; that 
is, the Foot divided into 100 equal parts. | 5 


III. Addition of Feet and Parts. 
Feet. Hund. Parts, 
123 209 

456 „75 

789 „99 

101 „82 | a 
o71 „29 | 
17 28 
222 „5e 


Collect into one Sum, theſe 
ſeveral Lengths, wiz. 


— 
— — — 


| Sum total. 193 69 pd 
Now, as the Foot is here ſuppo © to be divided into 100 equal parts, which 
is a Centeſimal Diviſion; therefore the manner of — theſe Sums together, is the 
very ſame as in whole Numbers; the Tens of every Column being carried on to 
the next, and the Remainders placed underneath: this is ſo very plain, needs no 
farther Examples hereof. But obſerve, that as the Foot contains an 100 parts, 
parts thereof is equal to 3 of a Foot; 50 parts thereof is equal to 2 a 
oot ; and 25 parts thereof is equal to I of a . 
P. I thank you, Sir ; theſe Examples are both eaſy and pleaſant, and I am much 
deligbted therewith. Pray now proceed to the other Meaſures you before mentioned. 
which, if 1 remember right, you ſaid, were the Yard, and the Pole, or Perch. 


IV. Addition of Yards, Quarters, and Nails. 


M. The Yard, is a Meaſure of Length, containing three Feet vw of 


Which other Meaſures of Length are compoſed, as the Pole, or Perch, Furlongs, 


Miles and Leagues. 
P. R what manrer is the Yard uſually divided ? | . 
M. Into four equal Parts or Quarters, each (containing nine Inches) ſubdi- 
vided into four equal parts, called Nails; therefore the Diviſions of a Yard, are 


Nails an] Quarters, and the Manner of — performed by thi: Rule. 


ExamPLE. 
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920 / ADDITION. - 
EXAMPLE. 


The followin Lengths are to be added into one Sum. 
: Vds. Quar. Nad. 


123 3 3 For every N 
456 1 1 to the Quarters; for e- 


3 very 4 Quarters carry 1 to 
987 0 3 dre read. which add as 
: 66 3 2 Integers. Big ; 
3.8 Som wotal required. 3323 3' 3 | . 
Take the following _— erb | 
Vds. Qu. Yds. Qu. Nails. 
765 * VTV 
834 2 1 L 
e | . 
888 2 2 


| — Total. 2227 
Total. 3289 1 1 

Vou muſt alſo underſtand, that there are three other ſmall Meaſures of Lengt th 

roceeding from the Yard, namely, the Flemiſh and Englifs Flls, and the Fathom. 

The Flemi Ell is equal to three quarters of a Yard ; the Eng/yþ Ell is equal to 
one Yard and quarter ; and the Fathom is equal to two Yards, or ſix Feet. 

P. Thank you, Sir; T/hall remember their Quantities : pray proceed unto the larger 
Meaſures, as Poles, Fur longs, xc. 
MM. Iwill; but flrſt, that you ſhould have, at leaſt, one Exam le in 
each of the preceding Meaſures : for always remember, that the practice of one 


ſingle Example — a ſtronger ar on on the Mind, than the bare years 
ing or reading of twenty. 


V. Addition yak Mer Haris. 


| 7213 26 | 5 
Collect into one Sum, theſe — 155 Nule, | 
ſeveral quantities, wiz. on; For every 2 Inches, carry 
: EE 1 * Ell, which add 
erde. as Integers. 
Sum total. 1533 8 © 
VI. Addition o Chth-Meafare, E 
725 Hl 4ths of Yds. Neef od. Po 
a 8 2 Ru Co 
Collect into one Sum, theſe — | J - For every 4 Nails, carry 1 
. - ſeveral ©: ara wit. we = g to the Qyarters, for every 
| "C98 uarters, _ 1 to the 
£ = which add as Inte- 
Sum total. 281 gers. 
VII. Addition of . 
| Fath. Feet. 
5 123 2 | 
— oe Sum, theſe 455 Rule, 
gths, wiz. For every 6 Feet, carry 1 
*3* 4 ee e and add 


999 5 them A; TareC;er>. 
: Sum total. 1794 & | 
5 Row lein prced to Pale, * &c. 


we ww ww Ak 


: Of ADDITION. | it 
P. Pray what nembir of Feet are qual to one Pole or Perch ® 
M. There are three different Poles or Perches, by which Lands are mea- 
The firſt is called the Statue - Pole, containing 6 Feet and 5. The ſecond, 
Woodland Pole, containing 18 Feet; and the third, the Foreſt Pole or Perch; 
containing 21 Feet. | OT «1 8.4 | 
| The Statue Pole is uſually uſed in the Menſaration of meadow, arable, and 
paſture Lands, and Brick-works, Ic. the Woodland Pole in the Menſuration of 
copious Woods, c. and the Foreſt-Pole in the Menſuration of large Chaces, 


' Foreſts, c. | 
. | VIII. Addition of Statue Poles + 
Poles. Feet. 
6 ol Rule 
. g 7 1 H * 
| —5 2 rv theſe 729 11 For every 16 Feet and 2, 


8388 2 carry 1, or for every 33 
777 4 Feet, carry 2 to the Poles, 


and add them as Integers. 
„ | 
IX. Addition of Woodland Poles. 
| | Poles. Feet. 
* (796 17 3 

Collect into one Sum, theſe © "oY 17 | Rule, 

ſeveral Lengths, wiz. 492 16 For 18 Feet 1 to the - 
| J 5 Poles, which as Inte- 

222 9 gers. | : 


| Sum, 1742 14 | 
t X. Addition of = Poles. | 
Tis required to collect into one Sum, the following Lengths. 

N 5 nen 2 
9999 20 


777 19 «2 
_ — For every 21 Feet, ea 
5 1 to the Poles, which ad 
999 9 as Integers. 2 
x Sum. 12423 20 | | | 
Theſe are the various kinds of Poles, of which the Statue Pole is the mo? in 


uſe, and it is by the Statue Pole, that Chains, Furlongs, Miles, and Leagues, ate 


P. Pray what Meaſure is a Chain? © | | 

M. A Chain is a Meaſure of Length, containing four Statue Poles, preciſely 

ual to 66 Feet, and is divided into 100 equal Parts, called Links: it is by this 

eaſure, that Landis uſually meaſured ; and was firſt invented by that late Emi- 
nent Mathematician, Mr. Edmund Gunter; and as the whole Length is divided in- 
to 100 Links, and contains 4 Poles, therefore 25 Links is equal to one Pole; 50 
Links equal to two Poles ; 5 Links equal to 3 Poles. | 


. * . 
Xl tio of Chain and Links 
10 


Collect into one Sum, theſe 
ſeveral Lengths, vix. 


Links. 


Collect into one Jum, theſe : 3 | Rule, 

Quantities, vis. } 27 21 For every 100 Links, carry 
28 96 1 to the Chains, which add 
oo 18 as Integers. 


Sum. 76 04 


22 


XII 


12 Of ADDITION: 


XII. Addition of Far longs, Chains, and Poles. 
* Pray what is a Furlong ? 
M. A A Furlon is a Legs, , containing 10. Chains, or 40 Statue Poles or Perches, 
. is one he part of a Mile. It is alſo called, an Acre's — and one 
ain's length, is called an Acre's breadth ; becauſe a piece of Land, whoſe 


8 is 10 Chains, and Breadth one Chain, is equal to 160 ſquare 12 5 


Quantity of one Statue Acre. 
2 Addition of theſe Meaſures, is made by this Rule, 


or every 4 Poles, carry 1 to the Chains, for every 10 Chains, carry 1 to the , 5 


Furlongs, which add as . 


EXAMPLE. 
Fur. Ch. Po. 


Colle& into one gam; theſe 
ſeveral Lengths, viz. 


VI 

A 

J 
o | vwaw 
„ 


Sum 1 
P. Sir, I now under tand theſe Additions Very well, and therefore deſire you to od 
unto Miles, Leagues, &c. Pray how many Furkongs are equal to 4 J 5 mw 


XIII. Addition of Degrees, Les 21, Miles, and Furlongs. 
. Eight Furlongs are equal to one Mile, and 3 Miles are equal to one 


gue 
F. Andi a League rp th _— — fare o ee Ang 1 
M. No; a Degree þÞ the Length. 


P. What ir a Degree " 


M. A Degree is ſtated at 60 Miles, of which, 260 is faid to be the cine 
re nce of the Euth. 


P. Pray worn me an Example her 
M. I will. Rin "On 


| te 23-474 5 Exaurk. 
Collect into one Sum the following Meaſures. 


Rule, For every 8 Furlongs carry 1 tothe Miles, for every 3 Miles, carry 1 to 


he - ih ee 20 e carry 1 to the Degrees, and add them as 


Degr. Lea. Mi. Fur. 

70 DS 7 
= eg: 1 

168 1 2 

25 4 OO 2 


Sum. 140 17 
Theſe are the ſi ve:al Meaſures of FLATS wer bh England, whoſe Proportions 
to each other are ie in the following Table. 


2 Sg8 sg ge 00 


a DJ 


F 


Fo 
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5 A Table 0 liſh Meaſures of Length. ; 
Barley cor ns, taken 4 of the Middle an Ear of Barley. 


| 3 Inch. 
36] 12 Foot. | | | 
* 510 27 24ʃFlemiſn Ell. 


| 108 36 3 : rar. 
1 135] 450 31 13 r4]Engliſh Ell. 
| 216] 7 6| 24 | 14 _ 
| *1234\Statue Pole. 
| 648] 216 18 "1 9 442 3021 Woodland Po'e. 
— 11 
| 2376] 798] 66] 293 2211744 10 4 


— 


Chain. 
23760 7920] 660] 9933 220] 17610 4c 1c\Furlongs. 
| 19008063 3605 280 70463 7601408 880/32C 293 25 155 #]Mites. | 


10 1112 


or 8 Furlongs; as exhibited in the lowermoſt Line of the Table. Again, ad- 
mit it was required to know what number of Inches is in a Furlong, G. pro- 
ceed as follows. | 


buſineſs. | | 
if Iwill. The ſquare Meaſures by which Works, Cc. are performed and 
fold, are, the Yard, the Foot, the Square, and the Rod, or Pole. 
P. Mat do you mean by the Foot; You have already informed me, that a Foot is a 
length containing 12 inches which J already know, | | 
. *Tis very true a Foot in length is 12 Inches as you ſay, but a ſquare Foot, 
is a ſquare ſpace, each fide thereof equal to 12 Inches; that is, as well in 
length as in breadth, and contains 144 ſquare Inches. | | 


p. 


bl. Of ADDITION. 
P. Pray explain this to me in ſuch a manner as I may righth underfland it; fot 


at preſent I cannot comprehend your meaning. | 

k 1 will, 9 eaſilx underſtood ; Suppole that the Square A B C D, . 
IX. Pl. LVII. have each of its ſides equal to one Foot in length. And each 1 
divided into 12 equal parts ; that is, the Inches in a Foot Then I ſay that 
if from the ſeveral diviſions of the Inches at the points 1,2,3, 4, 5, 6, 7, 8, 9, 10, 
11, and 12, in the ſides AB and AC, right Lines be drawn from fide to fide, 

reſpectively oppoſite, they will form 144 little Squares or ſquare Inches: for 

every one thereof will be an Inch ſquare preciſely. Hence it 1s, that a ſquare 
Foot contains 144 ſquare Inches, . 

P. Sir, I underſtand you perfectly auell, and upon the ſame Principle I ſuppoſe that 
c 7 Yard contains 9 ſquare Feet. 
| . *Tis true. For it each of the fides of the ſquare A B C D, fe. I. PI. LVII. 
contain one Yard, divided into 3 equal parts or feet, as at the points 1, 2, 3, 4, 
Sc. and the Lines 3, 7; 4, 8; 125 3.2, 63 be drawn, they will divide the 
ſquare Yard into nine little Squares, each containing one ſquare Foot. Therefore 
tis 8 that one ſquare yard contains 9 ſquare feet, as you have before ob- 
ſerved. : | 6 

P. I ſee plaink that it doth, but what ds you mean by the Meaſure which you 
call a ſquare? *- LES | 3 

M. * ſquare of work is a ſpace containing 100 ſquare feet, or it is a ſquare 
figure whoſe ſides ate each equal to 10 feet, divided into feet, as the ſquare 
TFF 3 

P. 1 underfland you, Sir, and ſee that if from the ſeveral reſpe&ive Diviſions of ' 
feet, there be right lines drawn, in the ſame manner, as before in the ſquare foot and 
yard, they will generate 100 little Squares, each equal to one ſquare foot. Pray 
at. herein is this kind of meaſure \ rad | 1 8 

M. In the Menſuration of Flooring, Tyling, Slating, Oc. which you'll be 
acnuainted with, when you come to learn Menfuration. | 

P. Thank you Sir, pray be pleaſed to proceed? 

M. Iwill. The next ſquare Meaſure is a Rod, or Pole, and is a ſpace con- 
taining 272 + ſquare Feet. . 

P Pray ſbeav me its Figure? 5 

M. Iwill; Suppoſe each fide of the Square AB C D, z. III. PI. LVII. to 
contain 16 feet 4, divided into 16 feet and as at the Numbers 1, 2,3, Cc. in 
the ſides AB and AC. Then I ſay, that if the right lines 1 a, 2b, 3c, 44, 5 e, 
Sc. be drawn, as before in the preceeding ſquare figures, they will generate 
256 complete little Squares, each containing one ſquare foot, as in the Scheme. 

P. Very well Sir, but I thought that you ſaid, that a ſquare rod contain'd 2724 
Square let, and herein you * but 286. | | 

M. Within the ſquare of 16 feet 1 A BCD, there are zz little long Squares, 
or Oblongs, marked with Dotts ; now as each of theſe Oblongs are 6 Inches in 
breadth and one foot in length, therefore one of them is equal to but 4 of one 
of the whole ſquare Feet. And conſequently the 32 being taken together, are 
equal to but 6 whole Feet : | | 

| Now if unto 256 ; 

You add 16 


R The Sum is 272 The number of feet in one rod. And Iaftly the little 

ſquare r. at the corner D, having each of its ſides equal to but 4 a foot or fix 
Inches, therefore it contains but 5 of a foot; that is, 36 Inches, which is 

but 1 of : 44, the number of ſquare inches (as before proved) in one ſquare foot. 
I Thereſv:e the Sum of the whole Square is equal to 272 4 Feet. Having thus 
defined unto you, theſe ſeveral ſquare Meaſures, I will in the next Place pro- 
ceed to ſome Examples of the addition of ſuch quantities. | 


Of ADDITION. 75 
„ XIV. Addition 0 quare Feet. 
Nate, That as the ſquare Foot is divided into quarters, therefore one quarter 
contains 36 ſquare Inches. | | : 
| | ſq. Feet qrs. ſq. In. 


| | | — n 9 
Collect into one Sum theſe 729 2 29 For every 36 Inches carry 
ſeveral quantities, vix. 80 1 25 1 to the quarters, for every 
| 71 © 35 4 quarters carry 1 tothe ſq. 
| cet, which add as Integers. 

Sum | 1005 1 


, > I #455 
I muſt alſo inform you, that the ſquare 8 by ſome divided into 12 equal 
parts. each being 12 Inches long and one Inch in breadth, as a & c 4 g 2111 m, 
in fe. VIII. H. LVII. Which parts are called long Inches, of which you'll 
ſee more at large in croſs Multiplication hereafter. this manner of dividing 
the ſquare foot, its parts are moſt — added 4 as following. 
| | | | AMPLE. | 
| ſq. Feet Inches. | 
KC : | 999 11. Rule. 
Collect into one Sum th 10 10. For 12 Inches car 
quantities, vix. a 7 6. 1 to the Feet, and add then 
2 3 as Integers. | 
= 
Sum ki Fs 0 


XV. Addition of ſquare Yard Meaſure. 
. EXAMPLE. 
Yds. ' Feet. 


9 | a7 $ Rubs 
Collect into one Sum theſe J 


2 7 Far every Feet earry 1 
quantities, viz. | 9 4 to the Yards and add them 
5 | 5 8 as Integers. : 
2 


Sum 62 2 


XVI. Audition 0 e Meaſure, as Fhoring, &c. 
. 


10 95 
123 


Collect into one Sum theſe 70 35 Add up the Feet as Integers, 
ſevoral quatities of Floor- 70 96. and for every 100 carry 1 


ing, Vit 10 25 to the Squares, 
* | 100 50 | 
A+ I 


3 27 


XVIT. Addition of fruare Pole Meafare. | 
Note, That in Buſineſs the fractional part or one — of a Foot is gene- 


rally omitted, and 
I The Rod is taken at 272 Feet 
The 3 quarters 204 
The half 136 


To 
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16 Of ADDITION. 


Rod. qr. Ft. 


a To add theſe quanelries tagether, this is che Rule. For every 68 27 3. 30 


Feet carry one to the quarters, and for every 4 quarters. carry 1 29 1 38 
to the Rods. „„ 8 


Sum 111 


XVIII. Allirio ef Land Miese. 


Nute. That an Acre of Land contains 160 Poles or 4 Reeds, and each Rod 


ſquare Poles or Perches. | | 
| | „ 3 
Collect theſe ſeveral quan- 126 2 21. For every 40 Poles carry 


tities into one Sum, vix. 18 1 35. 1 to the Roods, for every 4 
| 8 | 20 3. 38. Roods carry 1 to the Acres, 
21 1.) 30 whichaddas Integers. 


1290 9 vards N 
120606 10, 11 squares 


ble, which by Inſpection will ſhew 
their reſpective quantities, in any 


2 See AN | of the leſſer Meaſures. 

| 39204] 272:] 303] 235] tatue Pole = 5 5 
— | : * | 

[2906 [cx] eee, ; 

372640 1356: | 48491435 Kerbe ere | 


P Pray ſhew me the uſe of this Table ? | 

M. I will. Suppoſe it was required ts know how many ſquare Feet were con- 
tain'd in one Acre of Land, Statue meaſure; looking in the ſecond column, un- 
der the Title Feet, and againſt the word Acre, ſtands 43560, the number of ſquare 
Inches in an Acre of Land, as required; and ſo in like manner any other mea- 
fure in the Table. 8 

P. I thank 104 Sir, 1 IE it, and ſo in like manner an Acre of Land, is 
equal to 6272640, ſyrare Inches, or 4840 ſquare Tards, or 439 ſquares of 100 
. or 160 /quare flatue Pole; or 4 Ronds, And a Rood is equal to 1568160, 
fqaare Inches, or to 10890 ſquare Feet, or to 1210 ſquare Tards; or to 1088; 


quares of 100 Feet; or to 40 Statue Poles. ; 
M. "Tis very well, I find you have a right underſtanding of its uſe. I ſhall 


| In the next place proceed to inſorm you of the ſeveral weights uſed in this King- 


dom, from which the ſeveral meaſures of Capacity were taken | 
P. I thank you Sir, but if there were any ſolid Meaſures neceſſury to follow the 


uperficial or ſquart ones now taught me, IS gladly know them. 
T7 * ſolid . which you are to be informed of, as the ſolid: 


| Foot, which contains 1728 ſolid or cubick Inches; and the ſolid Yard, which 


contains 27 ſolid Feet, a Tun of Timber 40 folid F ect, and a Load 50 ſolid 3 


The quantities in the margin, are given to be added into one 8 19 


A Table quare Meajures. | = 
$q. Inches 92 | 5 Thus have I delivered unto you 
— | all the uſeful ſquare Meaſures, by 
125 44 Feet 8 which all manner of ſuperficial 


Works are meaſured. I ſhall now 
exhibit them together in this Ta- 


4+ As. <a c 


* 


Fut before I can inform you thereof regularly, I muſt teach you Multiplication» 
or cthefwiſe you cannot ſo readily, or ſo well underſtand them. 
Pi. I aſt pardon for my forwardneſi. Pray proceed to the account of the weights 
Twas mentioning. | GE: 
NM. I will. The original of all weights uſed in this Kingdom was a grain of 
wheat, taken out of the middle of a well-grown Ear, and being well dry'd, 32 
of them were called and made a penny Weight, 20 penny weights one Ounce and 
12 Ounces one Pound, See the Statutes of 51 Hex. 3. 31 Ed. 1. 12 Hen. 2. But 
the Moderns ſince the making of theſe Statutes, have divided the aforeſaid Penny 
Weight into 24 equal parts, which are called Grains, and is the leaſt weight now 
in common uſe. | | 
P. What do you call this original Weight® | 
M. It is called Troy Weight, becauſe tis ſuppoſed to be the ſame that was 


_ uſed by the Trojans. By this Weight, O/&right n Saxon King of England 200 Years 


before the conqueſt cauſed an Ounce Troy of Silver to be divided into twenty 
pieces, which at that Time were called Pence, and at that time an Ounce of 
Silver was worth but 20 Pence. | 

This value of Silver continued unto the Reign of Her. VI. who to prevent the 
enhancing of Money in F oreign Parts, valued the Ounce at thirty Pence, and ac- 
cordingly divided the ſame into thirty pieces, 'each being then a penny. And 
the old pennys made in Osbright's time went then for three pence half penny each, 
and which continued unto the time of ZZ. IV. who valued the Ounce of Silver 
at 40 pence, and divided it into 40 pieces each a penny, and then the old penny 
of Otbrigbi's went for two-pence. | | | 

This continued until the Reign of Hen. VIII. who valued the Ounce of Silver 
at 45 Pence, which was not altered until the Reign of Queen E!iz. who valued 
the old Penny of Osbrigbi at three pence ; ſo that at that time, all three-pence's 
coin'd by Queen Elix. weigh'd but one penny weight, every fix pence two pen- 
ny weight, and the like proportion in Shillings and other pieces then coin'd. 

This laſt alteration was the Cauſe of the Ounce Troy of Silver to be valued at 
60 Pence, or five Shillings, as it now is at this Time. 
By this Weight Jewels, Gold, Silver, Corn, Bread, and all Liquids are 


weighed. 


. XIX. Addition of Troy Weights. 
Theſe Weights are added together by the following Ru/e, 
For every 24 Grains carry 1 to the Penny Weights, for every 20, Penny 


Weights carry 1 to the Ounces, and for every 12 Ounces carry 1 to the Pounds, 


EXAMPLE. 
i. Ox. Pw. Gr. 
iir 
1 
20 8 3 4 
1 7 - 8 


_— 


9 RE os 
But beſides theſe common Diviſions of the Troy Pound, I find in the Preſent 


State of England, for the, year 1699, that the Grain is ſubdivided as following, 


viz. 1 Gram is divided into 20 Mites, 1 Mite into 24 Droites, 1 Droite into 20 
Periots, and 1 Periot into 24 Blanks, from which the following Table of Troy 
Weight is made. EE | OP | | 


D Planks 


16 o/ ADDITION. 


, Bayks « 
24]Periot 
| | 4c 200 Droite 
11958 5 480 5 24 Mite 


n 0 


23040 g600 4180 20|Grain 


— —_— 


TT EY 


55 2960c | 230400 11520] 480] 24 Penny Weight 


102892 4608 | 230400 g60o| 484 20|Punce 


* — 


1,234, 704, oc 55. 296.00 276480c|1 152 576024 ound. 


— 


Theſe Weights are added together by the following Rule. | 
For every 24 Blanks carry 1 to the Periots, for every 20 Periots carry 1 to 
the Droites, for every 24 Droites carry 3 to the Mites, for every 20 Mites 
carry 1 to the Grains, for every 24 Grains carry 1 to the Penny Weights, for e- 
very 20 Penny Weights carry 1 to the Ounces, and for every 12 Ounces carry 2 
to the Pounds. 5 | | 
5 | | EXAMPLE. 
U r 
Pounds Oun. Pwts. Gr. Mites Droit. Per. Blanks 
7 gm x 17 239 23 | 
i 20 5 7 13 I I 18 1 
Add | e, I 19 19 18 is 15 11 


y- — — — — 


Total 40 3 PEI 2 72 iS 


Now ſeeing that by this Table a Grain contains two Hundred and thirty Thou- 
ſand, four Hundred Parts, or Blanks, ſurely the Commodities that have been ſold 
by theſe Weights muſt have been of great value, as that they themſelveg muſt be 
real atoms, or at leaſt as ſmall as one particle of the fineſt kind of Sand. But 
this Example I give you more for Curioſity than real uſe. I's 

By Avoirdupoiſe Weight all kind of heavy 2 are ſold, as Iron, 
Lead, Braſs, Copper, Grocery Wares, Sc. whoſe ſmalleſt part, is called a 


Pram, of which 16 make one Ounce, 16 Ounces one Pound, and 112 Pounds, 


one Hundred Weight, 56tb. half a Hundred, and 28 a quarter of a Hundred. 

P. Pray is the RR Trey, and Paund Avoirdypoiſe equal to each other ? 

M. No. The Pound Avoirdupoiſe, is equal to one Pound two Ounces and 
12 Penny Weights, of Troy Weight, and the Pound Troy, is but nearly 13 
Ounces 2 Drams and a half of Avoirdupoiſe ; ſo that the Pound Avoirdupoiſe is 
about two Ounces, 13 Drams and a hell, Ave greater than the Troy 
Pound, which is very near, a ſixth part of a Pound Avoirdupoiſe, leſs than a 


Pound Avoirdupoiſe. And therefore fix Pound of Bread, which is ſold by 'Troy 


Weight, is _ little heavyer than five Poynd of Butter or Cheeſe, which is ſold 
by Avoirdupoiſe Weight. So that thoſe who believe the Pound Troy and Pound 
Avoirdupoiſe to be equal, are much miſtaken ; but however, though the Pound 
Troy is leſs than the Pound Avoirdupoiſe, yet the Ounce Troy is heavyer than 
the Ounce Avoirdupoiſe, for 292 which are the number of Penny Weights in 14 
Ounces 12 Penny Weights, which are equal to one Pound Avoirdupoiſe, being 
divided into 16 equal Parts, each Part will be found to be but 18, and five ſix- 
t-- hs, which are the Number of Penny Weights in one Ounce Avoirdupoiſe, of 
which, the Ounce 1roy contains 20. | K 
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M I. This Hundred Weight Troy, is 100 BB. the half Hundred gotb. and 
quarter of Hundred 25 W. . 5 

The following is a Table of Avoirdupoiſe Weights, 


. | 
[Pound 

| 28 Quarter of a Hanifed 
Half a Hund. 
[114] o [4 Hine, 


| ee 224 4þoj& Ton weight 


| XX. Addition of Avoirdupoiſe * 
Theſe Weights are added together by the following Rule. 
For evety 16 Drams, carry i to the Ounces ; for every 16 Ounces carry 1 to 
the Pounds; for every 28 Pounds, carry 1 to the Quarters ; for every 4 Quar- 
_ carry 1 to the Hundreds; and for every 20 Hundred, carry 1 to the 
ons. | N 6 Ly 


2 | EXAMPLE. 
A Smith made five parcels of Iron-works ; 


| H. r On. DF. 
The firſt weighed 7 15 | 


27 13 1 
The Second 2 11 - * — — I demand the to- 
The Third . 9 19 1 9 7 tal weight of 
The Fourth 27 159 2 25 12 9 the whole. 
m nin Ig 


— 


| | Anfwer. 67 o o 5 13 0 
P. Pray auby is this kind of Weight called Awoirdupoiſe ? | 
M. From the French, Have your Weight ; that is, you ſhall have full Weight ; 
ant therefore the 1 z Poutids over and above 100 are added. 
P. Pray is the Troy Pound divided in any other manner than the preceding ? 
M. No: but the Troy Ounce is, by Apothecaries, as follows, viz, Firſt into 8 
parts, called Drams, a Dram into 3, called Scruples, and a Scruple into 20, called 


Grains; therefore 20 Grains | 1 Scruple, whoſe Marks 
Ii (elne bor Chant) 
| 12 Ounces 1 Pound, * " 


Note, That by theſe Weights, Medicines are compounded, but Drugs are 
| bought and ſold by Avoirdupoiſe Weight. 

Frev 1 the Pound Troy, all the Meaſures of Capacity were taken; a Pound of 
Wheat filling that which was called a Pint: but in regard to the difference that 
was found in Wheats, which were ſome of more material Subſtance and Space 
than others, and thereby filled more or leſs Space, as ſome but 286, and others 
288 ſolid Inches; it was therefore ſtated by Parliament, that 282 ſolid inches, 
ſhould be equal to one Gallon of Beer Meaſure; and 231 ſolid Inches, to one 
Gallon of Wine Meaſure ; and from hence- it ſollows, firſt in Beer Meaſure, 
that 2 Pints make 1 Quart; 2 _— 1 Pottle ; 2 Pottles 1 Gallon; 8 Gallons 
: 2 5 | I 

! 


„ 97 TLC DTT I eG 


bend 
. 


St ds Fs | WE" 7 * 
* * 4 


%% VP Of ADDITIOE 
1 Buſhel ; 9 Gallons 1 Firkin; 2 Firkins 1 Kilderkin ; 2 Kilderkins 2 Barrel; 


63 Gallons 1 Hogſhead ; and 2 Hogſheads 1 Pipe or Butt ; and therefore + 4 
PF Pint ? 35 and 1 quarter 
Quart 70 and 1 
Pottle ds 
on 1 ae | 
uſhe . 21 . | 
[af One Firkin 7 tains 2 458 ſolid Inches. 
KL 5 Kilderkin 4876 | 
641 I Barrel 9752 
4 {= 2oun 17782 | 
165 In} © $9968 | 3 + 
4 II. In Wine Meaſure. that 18 Gallons and half make 1 Runlet of Wine; 42 
I G21lons 1 Tierce, or third part of a Pipe; 84 Gallons 1 Tertian, or third part o 
* of a Tun; 63 Gallons one Hogſhead ; 2 Hogſheads 1 Pipe; 2 Pipes one Tun; 0 
* and therefore | | | is | < 
10 | Pint 4 28 and 7 Eighths 
5 Quart | 57 and 3 Quarters 
16 f Gallon | 231 N 
4 Runlet | 4273 and half | | 
1 One Tierce contains & 97c2 ſolid Inches. 
* Tertian 19404 { | 
15 Hogſhead 14553 
1383: Pipe 29106 en 
Toi Tun 58212 ar 
10 Nan 
XXI. Addition of Beer Meaſure. 
41 . K. F. G. 
191 c 3 1-2-2 Rule, 
id, Four Veſſels contain theſe 2 © 3 7 For every 9 Gallons, carry 
1 | ſeveral Quantities, I de- 4 1 2 6 1 to the Firkins ; for every 
19 mand the total Sum of the (5 o 2 7 2 Firkins, carry 1 to the 
1 whole. | | Kilde rkins; for every 2 
1 | Total 16 o 1 1 Kilderkins, carry 1 to the 
| 1 | Barrels, which add as Integers. 
1 Nate, That altho' 4 Firkins, of 9 Gallons each, which are — po 36 
HY Gallons, make 1 Barrel of Beer; yet a Barrel of Ale, contains but 32 Gal- p 
1118 . Yons. 8 | | 
li! „ | EXJ AMI E II. | 
114 : | B. Hhs Gal. | | 
1 | $- 6-05 Rule, 5 2 
(| Four Veſſels contain theſe J7 o 61 For every 63 Gallons, car- 
. ſeveral Quantities, I de-Y5 1 27 ry i to the Hogſheads ; for 
i mand the Total. "C9 1 39 every 2 Hogſheads carry 1 
4 | ——— to the Butts, and add the 
34 | | Tuootal 26 1 54 Butts as Integers. 
17.8 = XXII. Addition of Wine Mea ſure. : 
6 | Tu. Pip. Ter. Tier. Run, Gal. Qu. | 
if | — K 1 1 323 37 8$ Rule, 
1 tain theſe Quan- 5: 0 t I V ß, . 
tities, I demand ” 2. 0 0 0 - <0 $3 any nit Gat -. 
the Total. EEE n = ],. 


— 432 Gallons, carry 
, d 4 1 to the Reacts 5 4 
for every 2 Runlets, carry 1 to the Tierces; for every 2 Tierces, carry 1 to the 
| - | Tertians, 


of STDITION. at 
Tertians, for every 1 and half Tertian, carry 1 to the Pipes; for every 2 Pipes, 
carry 1 to the Tons, and add the Tons as Integers. | | 9 


XXIII. Addition Di- Mea uren. | 
Notre, That 4 Buſhels make 1 Sack or Comb; 2 Combs 1 Quarter; 4 Quar- 
ters one Chaldron of Corn; 5 Quarters one Wey; 2 Weys 1 Lat 
| ExamMPLEe I. 2 
Chal. Quar. Comb. Buſh. Gal. 


| | 9 I 1 3 Rule, 
1 es © 2 6  Forevery 8 Gallons 
3 | 3 1639 5 Carry 1 to the Buſh- 
| ets a 4 3 7 els; for every 4 
| — Buſhels carry 1 to 
3 Total 2 a o 2 I — Combs; for eve- 
ry 2 mbs carry 1 to the Uuarters3 r every 4 Quarters carry 1 tot 
Chaldrons, and add them as Integers. | 4 * 


8928 


| Ex AMT LE II. 
Laſts. Weys. Quar. Buſh. Gal. 


nnn Rule 

— 4 — — 5 . 3 6 5 For every $ Gallons 

Sum, vx. 2 0 4 7 7 carry x tothe Buſh- 
7 1 1 6 els; for every 8 


——— Buſhels carry 1 to 
ab Total * 8 : 4 LA the Quarters; for 
every 5 rters, carry 1 tot eys; for every 2 Weys carry 1 to the 
and add the Laſts as Integers. | 3s , "_ 
Note, A Chaldronof Coals is 36 Buſhels, and one Hundred of Scotch Coals, 
112 Pound, Avoirdupoiſe. : 


| XXIV. Addition of Decimal:. 
Note here, the Integer is divided into ten equal Parrs. 


Inte. 1oths. 
271. 9 - 
| 323 . Rule, « 
Collect theſe ſeveral Quan- 32 9 For every 10 in the roths 
tities together, vis. 11 8 carry 1 to the Integers, 
| 6 4 which add as before taught. 
* | | 


872 6 T- 
Note, Decimals are uſually expreſſed by having the Fractional Parts 
| ſeparated from the Integers by a Comma, which is called a — 7 
Separatrix, as in the Margin; where the aforeſaid Example is pag 
expreſſed in that manner. | 227 


6,4 
7,9 
” | 872,6 
Ekxxv. Addition of Duodecimat. us 
Note, As in Decimals, the integer is — into 10 equal Parts; ſo here in 
Duodecimals, the Integer is divided in twelve equal Parts, (as the Inches 
in a Foot, or Pence in a Shilling.) It is alſo to be noted, that in many 
Caſes, not only the i2ths are divided again into 12 Parts, called Primes 
but each Prime into 12 again, called Seconds, and every Second in like 
manner, into 12, which are called Thirds, c. which are denoted by 
Daſhes over them, according to their Place or Value. As for Example, 
10 Primes are expreſſed thus, 105 10 Seconds thus, 10", 10 Thirds, 


7r7 


thus, 10 „ Ec. 
Colle 


3 


. 


4 =. of ADDITION. 
11 1 ; „ 0 a 
a fro 10 wo % Rite, 
Collect into one Sum, the J 9 11 7 10 gere N on 
_ followi * „ 1 to the Seconds; an 
Shs . | : „ ſame from the Seconds 
— — to the Primes; and from 


Iren 29 3 11 3 thePrimes to the Integers, 
| | Which add as before taught. 


XXV . Addition of Degrees and Minutes. 
_ A __ is divided into gy? Parts, called Minutes. | 


Mm. 
oo 
Collect i into one Sum, theſe = 47 Rule, 
ſeveral Degrees jand Mi- 7 59 For every 60 Minutes, carry 


nutes, vix. 9 42 1 to the Degrees, and add 
8 55 OT IO. 25 


I 


Eg xxvn. Adttition of Timd. 3 

Nete, a Year is ſed to be divided into 12 equal Months; s Month in- 
to 4 equal Wee ho; = Wal ined 5 Dipn, of of Hopes each > an Hour 

into 60 Minutes, and a Minute into 60 Seconds. 

Years. Mon. Weeks. Days. Hours. Min. Sec. 4 

Collect into one Sum, theſe 72 f , & a6 


ſeveral Quantitievof Time, 41 vw 2 5 
vix. 20 9 3 4 68080 


Total 54 7 3 3 »' 3$ 19 


XXVIII. am 
EXAUrI E Sand. 
No & Late Sand is 18 heaped B N 
þ Loads. Buſh. | | 
14 Collect into one Sum, theſe 7 3 18 Buſhels, carry 
$81] ſeveral Quantities of Sand, 4 to the Loads, and add 
i uin. | . 11 : 
ii 
1 — 4 
Wh | 91. ©B | 
101 ExaMT LIZ II. Of Line. C 
1 Mor, 26 * which ought to be one Buſhel, is accounted one Hundred ſe 
1 of Lime; and in many Countries, 30 Buſhels is called a Load. 
Hund. Bags. PIN 
Collect into one Sum, theſe we Nats | of 
; . 25 Bags, ca 
ſeveral Quantities of Lime, 3 he TI 154 4 N 
Fes | 5 22 addas —_ 1 
| Toll 19 op * | | 
Again, collect into one Sum \* 27 1 
| 3 29 For every 30 Buſhels, 4 
_ _—_ Quantities of 4 26 1 to the place of Loads, 
; 1 2 18 and add them as Integers. b 
6 


Of ADDITION. 23 
7 Bri Wins iz A 
n "Loa. ids 5 
2 480 1 — TY 5 8 
472 For oo 3, car- 
: _ r 2 and add 
5 498 as Integers. 


Collect theſe four Quanti- 
ties of Bricks into one Sum, 
VIE. 


Total. 15 087 
XXX. Addition of Timber and Planks. 
Note, That 50 ſolid Feet make 1 Load. 


Loads. Feet. 
Collect into one Sum, theſe \3 42 For every 50 Feet, carry 1 
ſeveral Quantities of Tim- 42 28 tothe , and add them 
ber, viz. 1 37 as Integers. 
2 49 | 


| I 01 
Note, That in the Addition of 8 1 Inch in thickneſs, every 600 Feet 
is 1 Load; of 1 Inch and half thickneſs, 400 Feet; of 2 Inches thick- 
neſs, 300 Feet; of 3 Inches thickneſs, 200 Feet; and of 4 Inches thick- 
neſs, 150 Feet. 


XXXI. Addition of ſolid Yards. 


Note, That in 1 ſolid Yard, there are 25 ſolid Feet. / 
„ | 
| £3 _ . 
Collect into one Sum, theſe )J2 17. For every 27 Feet, carry 1 
ſeveral Qyantities, wiz. | 4 3 5 to the Vards, and add the 
I; | . T5 26 Yardsas Integers. 
Total 17 13 
; XXXII. Addition of Money. 


Note, That J. ſtands for Pounds; 5. for _— d. for Pence; and gr. for 
Farthings ; with ref to Libra, whic . a Pound, Solidus 2 
Shilling; Denarius a Penny F and I a Farthing. ; 

. 4. . gr. ; | 

155 n 1 1 * 
Collect in to one Sum, theſe 10 15 9 2 For every 4 Fa ngs, car- 
ſeveral Sums, vis. „ 3 ry 1 to the Pence; for e- 

3 


es 19 oy very 12 Pence, carry 1 to 
183 36 7 the Shillings ; for every 20 
Shillings, carry 1 to the 
175 18 1 1 Pounds; which add as Inte- 


| | gers. | 
As I have thus gone through the Additions of all that is neceſſary, I ſhall 
therefore conclude this Lecture with obſerying, | 


1. That a Load of Earth is one ſolid Yard. 
2. A Hundred Weight of Nails, Iron, Braſs, &c. is 112 Pound. 
3. A Hundred of Deals or Nails, fix Score, or 120. 
4. A Bundle of 5 Feet Laths, 100, and of 4 Feet in Length, 120, which 
ſhould be 1 Inch and half in Breadth, and half an Inch in thickaeſs. 
5. A — of Lead, is 19 Hundred and a half, or 2184 Pounds Avoirdu- 
Foiſe. 
6. A Bale of Paper is ten Reams ; a perſect Ream, 20 Quires, or 500 Sheets; 
1 perfect Quire, 25 Sheets. 


7. 


3 


24 of ADDITION. 


15 3 | | W. 1oths, 
7. A ſolid or Cubick Foot of fine Gold, weighs 1352 4 
Ditto of Standard Gold. —118 4 
Ditto of Quickſilver : —— — 874 9 
Ditto of Lead - — a — 2 7 
Ditto of ſine Silver — — - 693 1 
Ditto of Standard Silver — 658 3 
Ditto of Copper — — — — 562 4 
Ditto of Braſs — — — 521 8 
Ditto of Caſt Braſs — — — 500 © 
Ditto of Steel! — 490 7 
Ditto of Iron —— 8 
Ditto of Tin 8 457 4 
Ditto of Marble- — — — 196 3 
Ditto of Glaſs — — 161 2 
Ditto of Alabaſter —— - — — 117 o 
Ditto of Ivory — —— 1139 
Ditto of Clay moderately moiſt — 112 o 
Ditto of ſandy Gravel, of common Moiſtare 96 o 
Ditto of Sea Water — 06 4. 
Ditto of River Water— ——ů— 3 3 
8 


Ditto of Dry Oak — JT 

8. A circular Foot contains 113 Square Inches, and one Seventh o an Inch; 

that is, there are ſo many ſquare Inches in a Circle of 1 Foot in Di- 

ameter, which I call a circular Foot, for the ſame reaſon as a ſquare 
Foot, which makes a ſquare Figure, is called a ſquare Foot. 

. A Solid or Cube Foot, is 1728 ſolid Inche:, that is, 12 Times 144, the 


ſquare Inches in a ſquare Foot.” 


10. A Cyliadrical Foot is 1573 ſolid Inches, and two ſevenths of an Inch; 


that is, 12 times 113 and one ſeventh, the ſquare Inches in a Circular 


Foot. | 
11. A Cylindrical Foot of Sea-Water, is about 50 Pound and half, and of 


freſh Water, about 49 Pound and one tenth. 


LECT. III. Of SunTRrAcTiON. | 
Subtraction is a Rule, for finding the Difference of any two Numbers, by 
| * taking or drawing the leſſer from the greater, whereby the Difference 
or |:xceſs (which is called the Remainder,) will appear. | 
P. Pray what is particularly to be obſerved herein 
M. To take care that you always place the leſſer Number under the greater, 
and that the Units, Tens, Sc. of the >ubtrahend, be placed under the Units, Tens, 


Hundreds, &c. of the given Number, 
P. Pray which of the two Numbers are the Subtrahend, and which the given Num- 


ber? | 3 
M. The greateſt is the given Number, and the leſſer the Subtrahend, as this 


Example makes plain. 


I. Subtraion of Integers. 
5 | Exanyele I]. 

Place your Numbers as in the Margin, and be- From 87 the given Number, 

ginning at the right hand, ſay, 1 from 7, there take 21 the Subtrahend, 


remains 6, and 2 from 8 remains 6. 
Note, if in Subtracting, any want ſhould hap- rem. 66. the Difference or 
pen, then borrow io from the next Place, Exceſs 
and for every 10 ſo borrowed, carry 1 | | 
to the next Place. = 


ExauePis 


„ * 
n 


o 


Of SUBTRACTION. = 

bas fi . ExaueLts. II. 
| ation. Firſt, 3 from 4 remains — : 

13 ſecondly, 4 from 2 I cannot, but Ko nga 7524 Bricks, 5 

4 from 12 (for borrowing 10, makes and have ſold 5643, what are remaining? 
the 2, 12) and there remains 8: third- ; — 
Iy, 1 T borrowed, and 6 is 7, from Anſwer, 1881 remain. 
5 I cannot, but {borrowing 10 as be- | 5 
A ) 7 from 15, reſt 8. Laſtly, 1 that I borrowed, and 5 is 6, from 7, reſt 1, 
ſo the remains is 188. : 

P. Pray how fhall I know when Subtraion is truly performed? | 

MM. All kinds of Subtraction are proved, by adding the Subtrahend and Remains 
together, Which will be equal to the given Number, if the Subtraction 
be truly performed. As for example, 
if 5643 the Subtrahend, be added to 7524 given Number, 
1881, the remains, their Sum will be 5643 Subtrahend. 
7524, as in the Margin, which being —— 
equal to the given Number, the Sub- 1881 remains. | 
traction is therefore truly performed. Pe 

ne”, | 524 Sum of given No. and Subtrahend. 
Other Examples for Practice. | 


From 547213 From 772543279 
: take 94439197 take he - + 
remains 108016 | remains 152555625 
Proof 547213 Proof 272043370 
5 | : II. Sabtracti on of Money. ona | 
ExamyLe I. Ex ATE II. 
„ . . OR Oy 
From 19 11 3 From 272 19 10 
„ 5 take 229 15 9 
1 | ram. 44 &  £ 
Proof 19 11 3 Proof 272 19 10 
__ ExamyLE III. ExaMFLE IV. 
ä | „ „ 1 
1 | From 929 $6 7. 4: 
take 199 19 3 3 take 832 19 8 3 
rem. 75 5 9 3 rem. 94 5 10 2 
Proof 275 3 | Proof a $:. 7. 8 
In theſe laſt two, ples, at the Farthings you borrow 4, and carry 1 to 


the Pence, becauſe 4 Farthings make 1 Penny; at the Pence you borrow 1 2, 

and carry 1 to the Shillings, becauſe 12 Pence make 1 Shilling; and at t. 

Shillings you borrow 20, from the Pounds and carry 1 to the Pounds, becauſe 20 

Shillings makes 1 Pound. The Pounds you ſubtract as Integers. 
III. Sabtraction of Inches and 10ths. 


ExamyeLe I. ExamPLE II. Examele III. 

Inch. 1oths, Inch. 1cths. Inch, 1cths. 
From 372 09 From 342 5 ' From 972 2 
take 245 og take 213 9 take 725 9 
—: ß“... 3 © rem. 245 3 


— — 


Proof 372 11 Proof 342 5 Proof 971 2 
5 E. : : Here, 


= — 
— 
— — titers, .- 
p eu. 2 
prog 
= 


4 — — 


* 9922 g 
E — — , — 
— ** —— — oe _— — mg; 
— » 


E 


becauſe 10 Parts make 1 


26 of SUBTRACTION. 
Here at the roths you borrow 10 from 


. - 


the Inches, and carry 1 to the Inches, 


| IV. Suberaction of Feet and Inches, | | 

Ex a MLE I. ExamPLE II. ExameLe III. 

% Feet. Inch. - Feet. Inch. - Feet. Inch. 

rom 279 5 rom 972 3 rom 999 8 

take 217 11 take 165 7 take 777 11 

nem. 61 6 rem. 806 8 rem. 221 9 

Proof. 2 Proof 972 Proof AR 

- * Foot "ge the Feet, and 


Here, at the Inches, you 


borrow 12 Inches, or 1 


carry 1 to the Feet, becauſe 12 Inches make 1 Foot. 


ExaMPIE I. 


V. Subtraction of Decimali. 


ExamPLE II. 


ExamPLy III. 


5 8 8 > WE y p 
4 * 2 N = _ = 
43 — * —— > — — N * — 
* - 1 ——— * * — — W = b — — — — — — = 
E * 1 7 2 — — : . * 2 — al 0 
— — * x — , * , x 9 — — IIS 
— — RO 7 IP 83 a — 7 — 5 * * 2 - 3 1 * 
* 2 _ — n r . 9 _ N 4 gr = 4 
— — Þ »% V 22 — i — 
423 d r wort. K 3 — _— - 
— . r 23232 — 5 * — * * 
e 1 —— —— W 


o ” CY 
8 * 4 4 * 5 
—— — — ——— — — — — —— 
r 5 8 * — — 
” ao» CRE 
5 j 
* 


” e933 


From 217,9 From 2754,8 From 7 29,02 
take 206, take 1234,9 take 561,97 
rem. 011, rem. 15 19,9 rem. 167,05 
Proof 217, Proof 27 54,8 Proof 729,02 


Here you ſubtract the whole as Integers. 


VI. Subtraction of Duodecimals. 
P. Pray avhat are Duodecimals ? | 
Al. Duodecimals ſignify twelfths, and as theſe Examples are of Feet, Inches, 
ard Parts, you are to obſerve, that the Inches are each divided into 12 Parts, the 
ſome as the Feet are divided into 12 Inches. he | 
FxamPLE I.  Exameils II. ExaurTLE III. 
Feet. Inch. Parts. Feet. Inch. Parts. Feet. Inch. Parts. 
% 3 Fremge 9 ͥůͤn . „ 0 
take 07 237 21; take 93 28 0p take 27 10 10 


rem. 4 1 (rem. 18 9 10 - rem. 39 3 nt 


Proof i2 „ 3 Proof 92 95 9 Proof 67 2 
Here at the Parts and at the Inches, you borrow 12, 
and to the Feet, becauſe 12 Parts make 1 Inch, and 12 Inches 1 Fot. 


VII. Subtraflion of Yard:, Feet and Inches. | 
FxamyPie I. ExamPeLe II. EXAMPLE VII. 


Vds. Feet. Inch. Yds. Feet. Inch, Yds. Feet. Inch. 
From 127 2 „ U 1-3 From 172 © 5 
take 97 212 14 take 43 29 take 830 
rem. 29 2 8 rom. a8 ‚ m 92 0 5 7 
Propf 127 2 0 Proof 172 3 


ET 
Here you borrow A the Inches, and carry 1 to the Feet; and borrow 3 at 
the Feet, and carry 1 to the Yards z, becauſe 12 Inches make 1 Foot, and 3 Feet 


2 Yard. | 


VII. 


9 
and carry 1 to the Inches, 


. 


Of SUBTRACTION. 27 
VIII. Subtraftion of Chth-Meaſure. 


ExAMrTIE I. ExauPTIE II. Exa MITE III. 
Yds. Qurs. Nails. Yds. Qurs. Nails. Yds. Qurs. Nails. 

Xs From 250 21 From 127 3 2 

8 take 11 3 2 oY KT 

rem, 127 1 2 rem. os 2 3 rem 20 $$ 


Proof 527 1 2 Proof o 2 1 Proof 127 3 2 
Here at the Nails, and at the rters, you borrow 4, and carry 1 to the 
Quarters and to the Yards, becauſe 4 Nails make 1 Quarter, and 4 Quarters i Yard. 
IX. Subtration of Flemiſh Meaſure. 


| ExaneLs I. ExamPLE II. ExamPLE III. 
= Ells. Inch. Bi Inch. -- Ells. Inch. 

rom 2794 22 From 37255 18 From 32594 22 
take 1372 26 take 27532 20 take 12345 23 
rem. 2421 23 rem. 0gy22 2 rem. 20248 26 


Proof 2794 22 Proof 37255 18 Proof 32594 22 
Here at the Inches you borrow 27, and carry 1 to the Ells ; becauſe 27 Inches, 


make one Flemiſh Ell. 
X. Subtraction of Engliſh Ells, | 
ExamPLE I. | ExamePLE it. ExamPLle III. 
— Ells Qurs. Nails. Ells. Qurs. Nails. Ells. Qurs. Nails. 
From 772 2 1 From 987 2 3 From 888 3 2 
take 666 4 $3 take gin 4 4 ke 009 4 53 
* * | 


— — ——— — —ͤ 


rem. 105 2 2 rem. 074 = 3 rem. 1 1 
Proof 772 2 1 Proof 987 2 3 Pract 

Here at the Nails, you borrow 4 and carry 1 to the Quarters, becauſe 4 Nails 
make 1 Yard. At the Quarters you borrow 5, and carry 1 to the Ells, becauſe 5 
Quarters make one Engl Ell. | 
I. Subtrafiom of Fathoms and Feet. 


ExAur TIE I. ExameLE II. Ex AMrTE III. 
Fath. Feet. Fath. Feet. Path. Feet. 
From 729 4 From 999 3 From 3279 4 
take 499 5 take 777 4 take 1999 5 
rem. 229 5 rem. 221 5 ren. 1 


Proof 729 4 Proof 9 Proof 3279 4 
lere at the Feet you borrow 6, * to the Fathoms, becauſe 6 Feet 

make 1 Fathom. | | 
XII. Subtraion of Statue Poles 


ExamPLE. I ExAMy⁵LE II. Ex AML E III. 
Poles. Feet. Poles. Feet. Poles. Feet. 
From 729 14 From 987 13 From 3729 12 
take 666 ͤ 15 ta 399 16 take 1999 15 
rem. 062 157 rem. 387 134 rem. 1729 134 
Proof -2 14 Proof 98 13 Proof 372 12 
Here you borrow 16 Feet and 4 4 the Poles, and — 1, becauſe 16 


Feet and : make 1 Statue Pole. | 
| | 3 = XIII. 


Of SUBTRACTI ON. 
XIII. Subtradtior . 10 aodland Polar. 


28 


ExaurLE I. ExamPLE EXAMPLE. III. 
Poles. Feet. Poles. Feet. Poles. Feet. 
From 972 10 From 275 aut From 299 13 
take 699 17 take 196 1s take 199 16 
— — — 
rem. 272 11 rem. 798 14 rem. oy: _ is 
Proof 972 10 Proof 275 11 Proof 299 * 
Here you lag 18 from the . RT carry 1, becauſe Feet dts 1 


| ' Woodlaud Po | : 
XIV. Subtrafion of Fareft Poles. 


ExamnPLE I. ExAaMPLE II. 1 III. 
Poles. Feet. Poles. Feet. Poles. Feet. | 
0 09s 
rem. 445 16 rem. O10 20 rem. 539 18 
Proof 1234 a Proof 222 19 Proof 77 77 13 


Here you borrow 21, and ca 


rry 1, becauſe 21 Feet make 1 Foreſt Pole. 
XV. Subtraction of Chains and Links. 


FxamPLE A Ex Au LE II. ExaurLE III. 

Chains. Links. Chains. Links. Chains. Links. 
From 72 65 From 27 85 From 279 88 
my 37 98 take 19 99 take 176 94 
rem. 34 67 rem. o/ 86 rem. 102 94 
Proof 72 65 Proof 27 85 Proof 27 


| Here you borrow 10 and carry 1, as in Integers, becauſe 100 
XVI. Subtra&ion of Miles, Furlongs, Chains, and Poles. 


Chain. 


Bates 1 make 1 


FxamPLE I. AMPLE II. ExamPLE III. 

Mi. Fur. Ch. Po. Mi. Fur. Ch Po. Mi. Fur. Ch. Po. 
„„, r d Fromip7: 61 5 2 
=: 7.9 5 uk , 3 8 3 take 99 7 9 3 

rem. 13 3 rem. 8 2 e. 27 6 5 bf 
Proof 7 2 2 Proof 29 3 2 Proof 127 6 
Here at the Poles you borrow 4, at the Chains you borrow 10, at the Ke 


you borrow 8, becauſe 4 Foles is 1 Chain, 10 Chains is 1 F urlong, and 8 Fur- 


longs i is 1 Mile. 


XVII. Subtraction 7 Degrees, Leagues, Milet, and Fur lags. 


EXAMPLE I. Ex AMrLE II. ExaAur TE III. 
Deg. Lea. Mi. Fur. Deg. Lea. Mi. Fur Deg. Lea. Mi. Fur. 
— is 1 4 Fromaz7 232 ˙ Foo as 3s 2 5 
take 14 190 2 7 take E EB Te BW Of "uy Oe OT, 
rem. 12 15 1 5 rem. 7 133 7 | 20m. 07 is 2 6 


Prot 27 Io i 4 


5 Proof 127 
Here you borrow 8 at the Furlon 
becauſe 8 F * make 1 Mile, 3 dine 


12 1 


Proof 29 2 


3 at the Miles, aud 20 at the Leagues, 
iles 1 Lea ue, and 20 Leagues 1 Degree. 
F XVI. 


8, 


444 ſquare Inches make 1 


- Of SUBTRACTION. 


* 


29 
XVIII. Strat ien of 1 * Minutes, and Seconds. | 
Example I. AMPLE II. ExaurTII III. 
© | Deg. Min. Sec. Deg. Min. Sec. Deg. Min. Sec. 
From 102 43 49 From 221 .47 23 From28 47 49 
take 97 57 54 take 127 55 47 take 19 49 53 
rem. 4 42 55 rem. 93 51 36 rem. os 57 56 
Proof 102 40 4 Proof 221 47 23 Proof28 47 4 
Here at the * PA at the Minutes, you borrow 60, and . to the 


Minutes and Degrees, 


becauſe 60 Seconds make 1 Minute, and 60 Minutes 1 


Hour. | | 
XIX. Subtra#ion of /quare Feet and ſquare Inches. 
ExamPLsE I. ExA MILE II. Example III. 
| Feet. Inch. _ Feet. Inch. 2 Feet. Inch. 
From 729 19 om 927 O75 rom 555 139 
take 672 141 take 526 135 274 141 
rem. 56 22 rem. 400 084 rem. 280 142 
— — 


Proof 729 19 


Proof 927 75 


Proof 5 


139 


5 7 5 
Here at the Inches you borrow 144, and carry 1 to the Feet, becauſe that 


ſquare Foot, 


XX. Subtration of ſpuare Feet and long Inches. 


EXAMPLE I. 
Feet. Inch. 

From 127 . 7 

take 93 11 


16 


Proof 127 7 


ExAMrTR II. 


Feet. Inch. 
From 271 O5 
take 136 10 


rem. 134 £Y | 


Proof 271 K 


Here at the Inches | you borrow 12, and carry 1, 
(which are each 12 Inches long and 1 Inch wide) make 1 ſquare Foot. 
XXI. Subtraction of ſquare Yard Meaſure. 


ExAur TE III. 


Feet Inch. 
From 555 04 


e 449 10 
rem. 105 ᷣ 6 


proof 8 
— ; lon Inches 


ExxAMPLE I. ExamPeLE II. Ex AMI E III. 
Yds. Feet. Yds. Feet Yds. Feet. 
From 73 7 From 92 3 From 27 f 
take 51 8 take 57 8 take 18 8 
rem. 21 8 rem. 34 4 rem. 08 6 
Proof z 7 Proof 92 3 Proof 27 5 
Here 5 the Feet you borrow 9, and carry 1, becauſe g ſquare Feet, make 1 
ſquare 1 ard. ; | 
XXII. Sabtraction of ſolid Yards. 
ExameLe I. ExamyLe II. ExauyLE III. 
ae. Feet. © Yds. Feet. Yds. Feet 
From 45 21 From 72 20 From 97 19 
take 36 26 take 49 25 take 96 2 
rem. 8 22 rem. $3 — 223 rem 8 
| : — 
Proof 45 21 . Proof 97 19 
Here at the Feet you borrow 27, and carry 1, becauſe 27 ſolid Feet make 1 


folid Yard. 
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proof 25 
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Proof 9 6 N 
Here at the Feet you borrow 100, and carry 1, becauſe 100 ſquare Feet make 


1 Square of Work, as of Flooring, Roofing, Tyling, 


30 Of SUBTRACTION. 
- XXIII. Sabtraction of Squares, as of Fhoring, c. | 
ExameLe I. Examyis I. ExXAur TZ III. 
Squ. Feet. Squ. Feet. Squ. Feet. 
From 25 98 From 29 11 From 127 $6 
take 15 99 take 1 7 take 97 99 
rem. 09 99 rem. o 36 rem. 29 27 


Proof 1 27 86 
Se. 


XXIV. Subtradtion of Land Meaſures. I. G are Statue Polis. 
Exaur LE II. 


ExaurLE 1 
Poles. Feet. 

From 192 120 
take 72 152 
rem. 119 240 
Proof 192 120 


Poles. Feet. 
2 
rom. 1 196 
Pepe 7 


Note, That altho' a Statue ſquare 


ExAurTE III. 
Poles. Feet, 


From 123 270 | 


99 271 


rem. 23 271 


Proof 123 '270 


83 contains x th ſquare Feet, and one 
Quarter, yet in theſe Examples the Quarter of a 


t is rejected as it u- 


ſually is in Buſineſs, and the ſquare Rod or Pole is allowed at 272 ſquare 
Feet only, therefore at the Feet, borrow 272, and carry 1. 


Ex aApLE I. 


II. Of Weedland Pals. 


ExameLE II. 


Poles. Feet. Poles. Feet. 
From 76 311 From 217 199 
take 36 320 take 120 220 
rem. 39 315 rem. 96 303 
Proof 76 311 Proof 217 199 


Here at the Poles, you borraw 324, and carry 1, becauſe 324 ſquare Feet, 


mage 1 Woodland Pole. 


III. Of Foreft Poles. 


ExaMrIE III. 


Poles. Feet. 
From 279 138 
take 172 219 


rem. z06 243 


Proof 279 138 


ExAMrir III. 


Z Rxavein I. ExameLE II. 

Poles. Feet. | Poles. Feet. Poles. Feet. 
From 82 4399 From 594 322 From 123 138 
take 71 439 take 437 440 take 75 375 
rem. 10 401 rem. 156 323 rem. 47 204 
Proof 82 399 Proof 594 322 Proof 123 1 
Here you borrow 441 and carry 1, becauſe 441 ſquare Feet, make 1 ur 

Foreſt Toe 
XXV. Subtration of Acres, Roods and Poles. 
ExamPLE I. ExaMPLE II. ExamPLE III. 

Acres Rds. Poles Acres Rds. Poles Acres Rds. Poles 
From 127 2 31 - Fremey 1 27 From 120 I 19 

| ; 93 " $9 - Take +48 d $ 305g 
rem. 33 2 32 rem. 08 I 29 rem. o = 24 


Proof 127 


7 
Here at the Poles you — 40 and carry 1, and at the Roods bozrow 4 and 


- 


Proof 27 


1 2 


Proof 120 19 


carry 


Of SUBTRACTION. 3 


carry 1 to the Acres, nn becauſe 40 Poles make 1 Rood, 
AT 


XXVI. SubtraFion of 7 Weight. | | 
Exaurtr I. ExaMPLEs II. Ex AurTR III. 
- tb. Oun. Pwt. Gr. tb. Oun. Pwt. Gr. Fo t6. —_ 9 
From 2 16 47 ‚ @S 17-38 rom 127 
Take 4 on 19 18 Take 17 10 19 14 Take 83 . RIS. 


rem. ©7 9 14 23 rem. 3 9 18 22 rem. 43 6 7 17 


f— — 


— 


Proof 25 9 14 17 Proof 21 8 17 12 Proof 127 5 „ 9 


Here at the Grains you borrow 24 ; at the Penny Weights 20, and 12 at the | 


Ounces, becauſe. 24 Grains make 1 Penny Weight, 20 Penny Weights 1 Ounce, 


and 12 Ounces 1 Pound. 
XXVII. Subtra&ion of Apothecaries Weights. 


ExamPLE I. | ExAamPLE II. 

W. Oun, Dr. Scr. Gr. | "tb. Oun. Dr. Scr. Gr. 
From i 9 4 1 ain, 5 3 1 
Take 9 11 7 8 10 Take 99 * 3 
„ 1 - 16 nn 6 7 I 19 
Weiss 4-4-7 8 Proof 127 5 OT 


Here at the Grains you borrow 20, at the Scruples 3, at the Drams 8, and 
12 at the Ounces, becauſe 20 Grains make 1 Scruple, 3 Scruples 1 Dram, 8 
Dun 1 Ounce, and 12 Ounces 1 Pound. 

XX VIII. Subtra&ion of Awoirdupoiſe Weights. 


ExAMrLE I. ExAuUrTE II. 
Hun. Qurs. ts. Qun. Dr. Hun. Qurs. W. Oun. Dr. 
Ä T mm 19 60 Poms 1 71 


Take 21 3 27 „ 1 24 14 12 


2 


% R mm-— u w W fꝶgduͤʃ 8 


2 — 


N 2 21 13 10 Proof 25 C1 9- 


Here, at the Drams and at the Ounces you borrow 16, at the — 28, and 
4 at the Quarters, becauſe 16 Drams make 1 Ounce, 16 Ounces 1 Pound, 28 
Pounds 1 Quarter of a Hundred, and 4 Quarters one Hundred. 
XXIX. Subtra#ion of Beer Meaſures. 


ExamPLE I. | ExaMPLE II. 
Bar, Kilder. Firk. Gall. Quarts Hog. Gall. 
Wi. o 2 I From 22 
Take 18 dA = 3 Take 18 82 
| rem. 08 o O + 7 2 rem. 03 53 


Proof 27 0 * Proof 22 1 

In Example I. borrow 4 at the Quarts, 9 at it the Gallons, 2 at the Firkins 

and at the Kilderkins, becauſe 4 _ make 1 Gallon, 9 Gallons 1 Firkin, 
2 Firkins 1 Kilderkin, and 2 Kilderkins 1 Barrel. 


In Example II. at * Gallons borrow 63, becauſe 63 Gallons make 1 
: * 


XXX+ 


Of SUBTRACTION: 


32 
| XXX. Siubtradtion of Wine: Mhajares. 5 
ExAur TE I. Ex aur II. 
Tuns Pipes Tier. Gall. Tuns Pipes Tier. Gall. 
From 57 o 1 35 From 20 2 27 
Take 32 . „ 2: "3 er 
rem. 4 o I 37 rem: 4 0 2 28 


3, 


ä — _ 


Here at the Gallons you borrow 2 at the Tierces 3 r 2 Jet che Pipes, 
| becauſe 42 Gallons make 1 Tieres, ces 1 Pipe, 2 Pipes 1 Tun. I 


Proof 57 o 1 37 Proof 20 1 


c | Mx.  Subtradion of Dry Meaſures. 
| ExaMPLE: 
| Quarters Sacks Buſh. Pecks Gall. Quarts: 
From 50 a2 n 2 a7” 8 
"Take. 39 1 nr 
rem. 10 o 6 3 
Proof go 28 2 © 2 


Here harrow: — 2 at the Gallons er che Nele and Buſhels, | 
and 2 you Sacks; — Quarts make one 8 2 Gallons 1 Peck, 4 


| Pecks 1 Buſhe), 4 Buſhels x Sack, and 2 Sacks 1 Quarter. 
XXXII. Subtration of Timber. 


ExamPLs I. Ex AurTIE II. —— III. 
Loads Feet Loads Feet | Loads Feet 
rar 45 in 39h een 47 
0 45 rem. $0 9 rem. 4F 41 
: Proof 12 44 Proof 57 38 Proof75 78 


Here at the Feet, you borrow. 50, becauſe 1 Load of Timber contains 50 ſolid 


Feet. 
| XXXIII. Subtra&ion of Plank-1 Inch thick. 
Note. 600 Square Feet at one Inch thick, make 1 Load. 
Ex aur LE I. _ ExamPLE II. ExamPLE III. 
- Load Feet Load Feet 5 Load Feet 
rom 127 42 From 372 472 rom 725 oo 
Take 38 ks; Take 263 525 Take 632 — 
rem. 88 426 rem. 108 547 rem. 092 516 
Proofi27 425 Proof392 472 Proof725 500 


Here at the Feet you borrow 600, becauſe 600 Feet make 1 Load, as aforeſaid. 
Note. If the thickneſs of Plank be 1 Inch and half thick, then borrow 400; if 
two Inches thick, borrow 300; if three Inches thick, borrow 200 ; and laſtly 


if four Inches borrow 150, becauſe 


XXXIV. 
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| : ExaurTz III. 
: B icks 5 15 ä 5 7 # 
| From 27 44 From 23 
i 13 499 Ake 
rem. 13 492 rem. o8 


Prog f 27 5 491 


; V. Subtraction of Lime. 
From'27 19 Prom2z 19 From is 1 
Tale 74 2 Take 17 "7 Take 11 x 
rem. 2 20 rem. 04 23 rem. ob 19 
Proof z 19 Proof 2 ig Proof is 1g 


- 
(2 : 


GC CCInIIEY 


Here at the Baggs you borrow 25 and carry 1, becauſe 25 Baggs (which ought 


to be a Buſhel each) make a Load of Lime. 
VXVXuXVI. Subtraftion of Sand, 
ExamyLs I. ExamPLs II. ExamPLe III. 
Loads Bumm. Loads Buſh, Loads Buſh. 
From i8 16 From zi it Fromzg 12 
„„ 17 + . Takea0; . 36 Take 25 13 
rem. o2 17 rem. 8 13 rem. 0z 15 


Proof 18 16 Proof 21 11 Proof 20 12 


— — a — m——m——_ 
| XXXVII. Subtraioh of Time. 
EXAMPLE. : 
Months "Weeks Days Hours Min. Seconds 
From 11 2 ER. * 53 
Take 10 3 5 59 59 
rem. oo Y 21 20 41 - 34 | 


Proof 11 «ol 20 20”. 41 53 


r 


f 


N. As I have now given you a ſufficient Number of Examples, of all the va- 
rious Kinds of Buſineſs in general, and which I think are much more copious, 
than has been yet taught by all the Maſters that have wrote on Arithmetick, 1 
ſhall now proceed to Male; plication. | 


| IL ECT. IV. Of MutTiPeLicaTtion. 

P What is Multiplication | | on 
© M. By Multiplication is meant an Increaſe, and therefore to multiply is 

to increaſe from a ſmall Number to a greater; and which being cenſid-red, is 


ne more than the adding of divers N 5 together. Fc 
| | | Ga 
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34 O MULTIPLICATION. 
; 7 For if 3 times 7 be added together the ſum is 21, as in the Margin: And 


7 if 3 be multiplied into 7, the product is 21 alſo. Hence tis plain that Mul- 


7 tiplication is nothing more than a compendious manner of adding Numbers 
— together, and therefore =y be called ſhort Addition 
21 P. Pray whats principally to be obſerved herein? 5 


. Three Numbers or Members, which are called the Multiplicand, 


the Multiplicator or Multiplier, and the ProduQ. 3 
P. Pray what is the Multiplicand, Multiplier, and Produ? 


M. In every Multiplication, there are always two Numbers given to be mul- - 
tiplied into each other, which are called the Multiplicand, and the Multiplier or 


ultiplicator, either of which being placed e, is called the Multipli- 
22 cand, and the lower, the Multiplier ; as for Example, if 8 be 
As Multiplicand multiplied into 9, as at A, then $ is the Multiplicand and 9 
9 Multiplier the Multiplier; or if 9 be multiplied into 8, as at B, then 9 is 
— the Multiplicand, and 8 the Multiplier, and the Number 72, 
72 Product, ariſing by 9 times 8, and by 8 times g, is called the Product. 
— Baut however as it is beſt to make the greateſt Number of the 
Bo Multiplicand two, the Multiplicand, therefore it is moſt uſually done, ob- 
8 Multiplier ſerving, to place the Units, Tens, Ce, of the Multiplier, un- 
„ der the Units, Tens, &c. of the Multiplicand. I Ws 
72 Product . e | | 
I. Multiplication of Integers. © 
P. How is Multiplication fone 5 8 | 
M. The Multiplication © _—_ is 3 the following Rules. 
3 ERRuUuTz I. ; 
Write down the Multiplicand and Multiplier under each other as aforefaid, and 
draw a Line under the Multiplier to ſeparate it from the Product, that ariſes from 
its firſt Figure. 2 RY a . | 


pt] 'RuLts II. e . 
Multiply every Figure of the Multiplier into the Multiplicand, obſerving as you 


Proceed to carry. one for every Ten, to the next Place, and ſet the remains under 
it, and the Products ariſing from the ſeveral Figures of the Multiplier being ad- 
ded together, their Sum is the general „ of the whole Multiplication. 
| Rv LE III. 
When the Multiplier conſiſts of many Figures, as in the following Example, 


the Product ariſing from each Figure is to be placed by its ſelf in ſuch manner, 


that the firſt or right hand Figure thereof, may ſtand under that Figure of the 


Multiplicator from which the ſaid Product ariſes. 


Theſe will he made familiar by the following Example. | 
ExamPLE: Multiply 7254, by 7349, which place as in the Margin. 
| in with 9 the firit Figure of the Multiplier, and thereby 
7254 multiply all the Figures in the Multiplicand as follows. Firſt ſay 
7349 q times 4 is 36, ſet down 6 and carry 3, for the three Tens; then 
ſay g times 5 is 45, and 3 I carry is 48, ſet down 8 and carry 4; 
65286 A then ꝗ times 2 is 18, and 4 I carry is 22, ſet down 2 and carry 2; 
29016 B theng times 7 is 63, ard 2 1 carry is 65, which being the laſt in the 
24762 Multiplication therefore ſet down 65, and that Froduct will be 
50778 P 65286, as at A. Proceed in the ſame manner to multiply the re- 
— maining three Figures of the Multiplier, 4, 3, and 7, into the 
53.309,646 Multiplicand, and their Products will be as at B C and D, and 
—— — Which with that of A, being added together, will be 53, 309, 646, 
the Product required. „ 5 : ; 
RU LE IV. 
When Numbers given, have one or more Cyphers at the right hand, the 
Multiplication may be performed, without regard being had to the Cyphers, 
until the Product of the other Figures be found, to which they are then og 
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ce MULTIPLICATION: 38 
be annered. As for Example, multiply 17 by Ys 
bo, as at Al 2790 by 500, as at B; 23 000 by 2 4 . 237,000 . 


25, as at O; which being placed as in the Mar- 25] © 
n, and Multiplication of the A_ nt Figures  — _ 8 
ing made, without any regard being had to the 1020 1185 

Cypbers; unto the Sum of their Products, anne 274 

or add thereto as many Cyphers, as belong to both 27900 — 


Multiplicand and Multiplier: ſo to 102, in Exam- loo B 3925 
1020: and in Example B, to 1395, the Produce 1395000 1 
of 279, multiplied by 5, you add 3 Cyphers, 5 | 

which makes the whole 1395000; and ſo in like manner $925» in example + 
C, by theAddition of the 3 OG phars belonging to the Multiplicand, the Proe 
duct is made 3925000. | 8 K+? 


: 


5 - RU LE V. 
When Multiplication has any Cyphers intermixt with its 5 
other Figures, the Cyphers need not be regarded ; as for In- 92745 
ſtance, the Product, 185,647,665, is produced by the Products 20017 


at A, B. C, which ariſes by the 7, 1, and 2 of the Multiplier, — 
multiplied into the Multiplicand, without regard being had to A 649215 


© F |  C 185490 


| . | | 1856476665 - 
- In Multiplication it is of very great uſe, to know readily the n 
two of the nine Digits or Figures ; for which purpoſe, this Table muſt be 
learnt perfectly by Heart. 1 2 

N = MuLTIPLICATION TABLE. 


AAA. 

2 12141618 

yy | | 12 21124] 2“ 
The uſe of this Table is eaſy. — — 
poſe the Product of 8 is requi- 14 zt 

Look for 8 on the Side and — 84 
Sm the Top, and againſt thoſe *< 45 
Numbers in the Angle of Meeting — — 
is 72, the Product required. 80 & 55 

7 times 9 is 63, and 5 times 12 is — 1 iD 
60, as in the Angles of Meeting > 6: 
ee and ſo of all other FH lp 
umbers. 5 N : e 7% 
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36 _ Of MULTIPLICATION. | 


| Ex Zur TY Es forPriftice. 
„ FExavers I ExXAMPLE II. Exaurtt III. 
Mult. 27960 Me: 972403 Mule: 7233 
r 3 N . ; = J — TEETER 
5592, ooo Prod. I . 6806821 g | 7225000 Prod. 
2917209 n | | | — 5 2 


In the firſt Example, I contracted my Work, by plaeing the 2 of the Multh. 
plier, under the _—_ of the Multiplicand, elch ſhould Aways be done, when 
the other Figures of the Multiplier to the right hand are all, Cyphers. In 
ſecond Example, I contracted ni Work, omitting of the Cyphers nh 
Multiplier, and —_—— only by the 7 and the 3. In the third Example, 1 add 
three Cyphers to the Moltiplicand, becauſe 1 neither multiplies or divides. * 

/ Multiplication of Integers, may be performed without giving any trouble to 
the Mind, in carrying on the Tens, according to the Rule I. as follows. 

pls e , ds. 1 

. tiply 8342 17. 2s in the Margin. 40 5 

94 Fil. times 2 is . ſet. don; then 7 


—— 56, ſet 5 before the laſt 2, and 6 under; laſtly, add the | 
52214 bers 52214, and 618 together, as they ſtand, their Sum will de the true 
58394 -a% + £ . * . 8 : . | 
— Furt II. Multiply 98254, by 3720, as in the Margin. 

13 | | e of this Example, is the 


of any Figure, is leſs 
a | m_ * _a_s 8 in the 4 
871430 7 e where if it made 10, or more t 10, 
Produèt of the * the Figure for to, or above 10, muſt have 

110108 J product of the 2 Rood, as you will ſee in the roduct that a- 


Beck ſame as the laſt, only its 4 times repeated 
3729 when the Prod i i 


1 

1 3 5 

7465 produłt of the 3 

OY ORR. 8 
22 Er 


* 


3 Method, as at A. 

884286 Product of the 92 
196508 Product of the 2. 

687778 Product of the 7. 

294762 Product of the 3. 


366389166 Product of the whole, as before, 
As I have thus explained the Multiplication of 1 are to obſerve, 


that therein is this Analogy, viz, As an Unit, is to the Multiplier, ſo is the 


- 


& 


— 
— 


Fl 2 44-0 
— b SEE * — 
— a — pg + es 
— — w 
— —— 
— 4 7 


„ ²˙²˙¹·1 Jolie awe >... 
Wy Ga Moan ns -- 1464, 4h 1 * 
=> — — 2 


0 


e 1 LAT 24 ad i Es EN Ef , > c _ PER RT FOES 
r r * at » Ct * . . n 
2 CIS A 7 5 Sas.” . 2 7 2 1 SIT, Fo 745 . * * 
. A 1 8 1 * x Re #7 768, N - * 
8 8 wes [ated $8 8 * — 
* Y \ l 8 OW 83 
5 8 
＋ £ mY 1 = * 
B * 711 ; 
> _ 


7 (Oe — Ky * - « wo 
I 9 e * 


K* ao 


M MULTIPLICATION. x 


P. P zxplain this for at preſent I doh't conteive what j * 2 . 
M.I will: by this Example. Suppoſing one Load of Timber coſt 30 Shil- 
lings, how much will 12 Loads coſt? _ | 
F. 2 Loads be multiplied by 5o Shillings, as in the Margin, 12 


” 


the Product, 600 Shillings, is the Anſwer : and therefore one Load 50 


being conſidered as an Unit, bears the ſame Proportion to 5o Shil- — 
lings, 1 12 Loads the Multiplicand, doth to 600 600 Shil. 
li e . 


P. *Tis very true, Sir, pray proceed, for you tiiake Multiplication a Pleafare to mp. 


M. The next in order, i» to ſhew you, how in many Caſes you may contract 
Multiplications, > Ur | BEI 
-. ConTrAcT1on I. To y any given Number, ( ſuppoſe 547) by 11. 
Nu. Set down the Multiplicand twice, the lower one . 547) by 
either towards the right or left Hand, A 547 547 B 


Lea er at A *'tis placed, one place towards 547 $47 


, and at B, one place towards the right Hand. — 


. | | 6017 6017 
Couraacrien II. To multiph any gu Nember, (ſuppoſe 7925) by 12, 
» 14. Sc. 


carry 3; then 110950 


ured. | 
ConrRAcriox III. To multiply any given Number, ( ſuppoſe 99725) by 
| 111, 112, 113, 114, 115, &c. & 3 

Rule, Multiply the Figures in the Multiplicand, by the Units in the Multipli- 
er, and as you proceed, add the une Figures of the Multiplicand, which ſtand 
next on the right to the Product of the Figure you multiply by: as for Exam- 
ple, multiply 99725, by 115, as in the Margin. | 

Firſt, 5 times 5 is 25, ſet down 5 and carry 2; then 5 times 2 is edcba 


10, and 2 I carry is 12, and at à is 17, ſet down 7 and carry 1; 99725 


then 5 times 7 is 35, and 1 I carry is 36, and 2 at 5 is 38, and 5 at 115 
@ is 43 ; ſet down 3 and carry 43 then 5 times g is 45, and 4 I carry 
is 49, and 7 at cis 56, and 2 at ô is 58, ſet down 8 and carry 5; 11468375 
then g ye ew 5 I carry is 50, and ꝙ at dis 59, and 7 at | 
c is 66, ſet 6 and carry 6 ; then 6 I carry, andg at e is 15, and 9g at dis 
24, ſet down. 4 and carry z, which being added to 9 at e, makes 11, which 
down, and which makes the Product 1 1468375, as required. 
ConTRACT1ON, IV. To multiply any given Note, (Juppoſe 725432) by 101, 


102, 103, 104, &c. | 
Rule, Multiply the Figures in the Multiplicand, by the Units ofthe Multiplier, 
and as you proceed, add that Figure of your Multiplicand, that ſtands next 
the right band, except one unto the Product of that Figure you multiply by: as 


Firſt, 


for Example, multiply 725432 by 109, as in the Margin. 


* SRG 1 


28 9 * * 
2 5 y * K * © X : 1 r „ 1 
R * 8 Wy F "WP" q 5 Y * 1 9 
3 * 8450 i. We, a 8 
. a 3 : 3 43 N 


Of MULTIPLICATION: 
Firſt, 9 times 2 is 18, ſet down 8 and carry 13 then 9 times 3 is 
725432 27, and 1 I carry is 28, ſet down 8 and carry 2; then 9 times 4 is 
109 36, and 2 I carry is 38, and 2 at à is 40, ſet down o and carry 4 
then 9 times 5 is 45, and 4 I carry is 49, and 3 at is 52, he 
79072088 down 2 and carry 5; then 9 times 2 is 18, and 5; I carry is 23, and 
* 4 atc is 27, ſet down 7 and carry 2; quart damn of ng 63, and 2 [ 
carry is 2 and 5 at 4 is 70, ſet down o and carry 7; now 7 I carry, and 2 
at e is , ſet down g ; and becauſe you have nothing to carry to the 7 at f, ther- 
fore ſet down 7, and the Product will be 79072088, the Product required. 
II. Multiphication of Decimal;. 2 
M. Multiplication of Decimals, both in 2 the Multiplicand and Multi- 
plier, is the ſame as the Multiplication of Integers, only when your Work is 
completed, you muſt obſerve, that with a daſh of your Pen, you cut off as ma- 
ny places of Decimals in your Product, as there are places of Decimals both in 
your Multiplicand and Multiplier, and in caſe of want in your Product, — 
Cyphers to the left hand. ö 8 
{a is alſo to be obſerved, firſt, That it will be convenient to make that Num- 
ber the Multiplicand, which contains the moſt Places, though ſometimes it may 
be leſs in Quantity : Secondly, that if the Multiplicand and Multi plier be both 
Decimals, that is, both parts of Integers, the Product will be a Decimal. 
Thirdly, if Multiplicand and Multiplier be mixed, that is, 'Integers and Deci- 
mal parts of Integers, the Product will be mixed. Laſtly, if the Multiplicand 
and Multiplier be mixed, and the other a Decimal, the Product will be ſometimes 
mixed, and ſometimes a Decimal. 2.4 8 


— 


„ ann I. ExAMPLE II. Fxauete III. 
Of Decimals alone. Of Integ. and Decimals. Where the 5 55 
57432 * 7,2345 is mixed, and Multi- 
4 „  plier a Decimal. 
— ' 72,4072 
22296 361725 27 
7432 | 144690 | . 
52024 72345 | 5< 68494 
TT os 3640350 
Facit 5 299016 : Facit 9042125 | 4174216 | 
. | | 
| 2518693594 
In ExamyLe I. of Decimals alone, the Product is, 5299016, that is, it 5 
5299016 Parts of an Integer, or 1, divided into 10, ooo, ooo parts, becauſe the 


enominator of every Decimal, conſiſts of as many places of -Cyphers annexed 
to 1, as thereare places in the Decimal. : 

In ExamyLe II. there being 7 places of Decimals in the Multiplicand, I 

therefore have cut off 7 places of Figures from the Product, and the Product 

1s 9 Integers, and ,042125 parts of an Integer, divided into 1, ooo, ooo parts, 54 

* f 

1 


ExamPLE III. I have alſo cut off 7 places of Decimals, becauſe there are 
4 Places in the Multiplicand, and 3 in the Multiplier, and the Product is 25 In- 
tegers, and, 8693 594 parts of an Integer divided into 10,000,c00 parts. | 
III. Multiplication of Duodecimals, wulgarly called Croſs Multiplication. 4 
As in Decimal Multiplication, the Integer is divided into 10; ſo here it is di- 
vided into 12 Parts, as à Shilling into 12 Pence, or a Foot into 12 Inches. 
In the following Examples, I ſuppoſe the Integers to be Feet; and the Duodeci- 
wals Inches. As this kind of Multiplication may be performed, as well by tak- 


ing the Aliquot, or even Parts of 12, out of the Multiplicand, as will be imme 

diately ſhewn, as by multiplying the Multiplier into the Multiplicand : Before a 
I proceed any further, you are to obſerve, that the Aliquot (which are the even) 

Parts of a Foot, are as follows, vis. In 12 there is twice 6, three times 4, 

four times 3, fix times 2, eight times 1 and 2, and 12 times 1; ard TY 


u = „ R 
* $1 Un” * 2 2 * 2 * x j 7 
7 28 * ä * 
1 


Of MULTIPLICATION 39 
6 is half, 4 is one third, 3 is one quarter, 2 is one ſixth, 1 and half one eighth, 
and 1 one twelfth. — In this Kind of Multiplication there is a great Variety, as 


1. To multiply Feet, Inches, and Parts, into Inches, by Aliguot Parti. 

Rule, Place under the Multiplicand, the number of Times that the Aliquot 
Multiplier can be had, in the Feet, Inches and Parts, obſerving to begin at the 
left hand, and for every one that remains at the Feet, more than the Times, 
that the Aliquot Multiplier can be had in them, to add 12 to the Inches, and 
ſo the like to the Parts, c. 85 ö | 

In Example I. 6 being contained twice in 


12, I therefore ſay the two's in 20 is 10, the ExAMTE I. 
two's in 8 is 4. and the two's in 6 is 33 ſo Feet. Inch. Parts, 
that the Product is 10 Feet, 4 Inches, 3 Multiply 20 8 6 
Parts. 8 | f Ns By oo 6 Inches 

In Example II. 4 being contained 3 times | — — 

in 12, therefore I ſay the three's in 16 is 5 Product 10 1 
times, and 1 remains, ſet down 5 under the 163 | — 
then the 1 remaining, being a Foot, equal to | | 
12Inches, I add it to the 8Inches, which makes Example II. 

20, and then ſay, the three's in 20 is 6 times, Feet. Inch. Parts. 
ſet down 6 under the Inches, and carry the 2 Multiply, 16 8 ' 9 
Inches remaining, to the Parts, which 2 being by 4 Inch. 
equal to 24 Seconds, and added to the 7, makes — 4 
31 Seconds, wherein I find three 16 times, and „ 1 


1 remains, therefore I ſet down 10 under the | 3 
Seconds, and the 1, being one third of 3, the | 


Aliquot part, is equal to 4 Seconds, and te ExawmerLe III. 
Product to 5 Feet, 6 Inches, 10 parts, 4 Se- | Feet. Inch. Parts. 
conds. Multiply 27 11 9 

In Example III. 3 Inches being contained by 3 Inches. 
4 times in 12, I therefore ſay the fours in 27 kl 
is 6 times, ſet 6 under 27, and 3 remains, e- | 0-31 11. 4 
qual to 36, and 11 is 47, which contains 4, — . 


x1 times, ſet 11 under Inches, and remains 3, equal to 36, and g is 45, which 
contains 4 11 times; ſet 11 under Parts, and the 1 remaining, being one 
Quarter of 4, the Aliquot part, is o_ to 3 Seconds, and the Product to 6 
Feet, 11 Inches, 11 Parts, 3 Secon | 


II. To multiply Feet, Inches, and Parts, into Inches, by multiplying the Multiplier into © 
the MMultiplicand. | | 

| Rule. Firſt, Place a Cypher inſtead of an Integer, under the Parts of the Multi- 

plicand, and the Inches of the Multiplier, one place farther to the right hand, 

3 „Multiply the Inches of the Multiplier, into the Parts, Inches, and 

Feet, o e as if they were Integers or whole Numbers, carrying 1 

for every 12, and ſetting down the firſt remains, when any, under the Figure you 

multiply by, &. TEE, : 
To illuſtrate the preceding Rule by Aliquot Parts, I have here made uſe of the 

; foregoing Examples. . 


XAMPLE I. ExAMPTII II. Ex AMyLE III. 
Feet. Inch. Parts. Feet. Inch. Parts. Feet. Inch. Parts. 

0 „ 1 
& 6 — 4 oO 3 


W 1 


n 5. 0 G1 


—— — b . 


In Example 1. 6 times 6 is 36, ſet down o, and carry 3, then 6 times 8 i- +2 
| | | a | | RK id 
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4 o MULTIPLICATION. 
and 


; I carry is 51, ſat down 3 and carry 4 ; then 6 times 20 is 129, d 4 I 
be ad is 124, wherein there is 10 times 12 and 4 remains, ſet 4 442 fas 
ches, and 10 under the Feet, and the Product is 10 Feet, 4 Inches, 3 Parts. 
= either of theſe Rules, any number may be readily multiplied, when the 
iplier is an aliquot part of a Foot: hut when the Multiplier is not an Aliquot 
5 then the Operation muſt be done by the laſt Rule, which indeed is ge- 
neral. | 
Note, For the ready finding the tæuelves in apy ProduF, tit beff to a Table 
22 2 fo get it perfely by Me th follows. 1 85 | 1 


* 
. 
J o 


2 2 7201 F 1326) 

0 . 30] 7 8412 SY | I 71 : : 
: times 12 18 J 48] 8 Ctimes 12 is 96143 F times 12 is4 156/18 tim. 12 
5 9 108 141 16819 1 


o 12015 180020. 
3 I I. To multiply Feet, Inches, andParts, Parts. * © ls 
al. Firn; Place a Cypher under the laſt place of tbe Multiplicand, aged of ap 
Integer 3 and alſo another Cypher in the place of Inches, and then the Parts 
next following to the right hand. Secondly, Multiply the Parts of the Multiplier, 
in the Multiplicand, carrying 1 for every 12 4 | : 


Operation, 9 times 7 is 63, ſet dawn 3 and 
EXAMPLE, carry 5 then ꝗ times 11 i8 99, and 5 174 
. is 104, wherein I have 12,8 times, and 8 


Multiply 25 11 7 bygParts. mains, ſet down 8 and carry 8; theng times 
1 oO © 9 , 25 bs 225, and 8 1 carry is 233, wherein I 
8 have 12 19 times, and 5 remains, { 


— — 


et down 5 
EE and cry 1p. Now as the whole Multiplica- 


0 


it, and the remains 7, ſet down under Inches, 


and 1 for the 12, under the Feet, and the Product will be 1 Foot, 7 Inches, 5 


Parts, 8 Seconds, 3 Thirds, 3 | 
IV. To multiply Feet, Inches, and Parts, by Inches and Parts. | 

Rule, Firſt, place a Cypher under the laſt place of the Multiplicand, inſtead 
of an Integer, and the Inches and Parts in their Places, towards the right 
hand. 2dly, Multiply the Inches in the Parts, Inches, and Feet, carrying 1 for 
every 12. 3dly, Multiply the Parts, into the Parts, Inches, and Feet, in the ſame 

manner, and the two Products added together, is the Product required. 
A Operation. Firſt, 8 times 9 is 72, 
EXAMPLE. ſet down o, and carry 6; then 8 
1. times 7 is 56, and 6 J carry is 62, ſet 
Multiply 32 7 9 by 8 Inches, 7 Parts. down 2 and carry 53 then 8 times 32 
0 8 97 | is 256, and g I carry is 261, where- 
| in I find 12, 21 times, and 9 remains, 
ſet down 9 and carry 21 to the place 


21 9 9 

I - 0:0 $3 of Feet. 2dly, 7 times 9 is 63, ſet 
— — down 3 and carry 5 then 7 times 7 
$3 4 2 6 2 is 49, and 5 I carry is 54, ſet down 


— | S5 and carry 4; then 7 times 32, is 
224, and 4 J carry is 228, wherein I 
find 12 19 times, ando remains, ſet down © and carry 19, out of which taking 
12, 7 remains, which ſet under the Inches, and 1 for the 12 urder the Feet. 
V. To multiply Feet, Inche:, and Parts, into Feet, Inches, and Parts, when the 
Feet of the Multiplicand and Multiplier, doth not exceed 20. | 
Rule. Firſt, place the Feet of the Multiplier, under the laſt place of the Mul- 
tiplicand, and the Inches and Parts, towards the right hand in their Places, 
Secondly, Multiply the Feet, Inches, and Parts of the Multiplier, each ſepa- 
rately into the Parts, Inches and Feet of the Multiplicand, as before in the pre- 
cedinr Rules; and their ſeveral Products bein; „ Will be the true Product 
required. | Operation. 
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of MULTIPLICATION. 47 


Operation. Firſt, 7 times 5 is 35, ſet | | 
down 11 and carry 2; then 7 rfl, 6 is ' ExAMPLE. | 
42, and 2 I carry is 44, ſet down 8 and „ „„ 


carry 33 then 7 times 11 is 77, and 3 I Multiply 116 $5. by 11 9 7 
carry is 80, fet down 8 and carry 1-4 7 

which put one place to the left. « _ — 
Secondly, 9 times 5 is 45, ſet down 9 
and carry 33 then 9 times 6 is 54, ang * 
3 J carry is 57; ſet down 9 and carry 126 1 
4; then 9 times 11 is 99, and 4 I carr | 
is 403, ſet down 7 carry 8. 'Third- $36" 1 
ly, 11 times 5 is 55, ſet down 7 and : — — 
carry 4; then 11 times 6 is 66, and 4 

is 70, ſet down 10 and carry 5 : then 11 times 11 is 121, and 5 I carry is 
126, which ſet down, and the Pr oduct is 136 Feet, 1 Inch, 1 Part, 5 Seconds, 
and 11 Thirds. 5 | | 

Note 1..1t matters not, whether the Feet, Inches or Parts be firſt multiplied, ſo 
that their reſpectiue Products are but duly placed. 


= To multiply any Number of Feet and Inches, into any number of Feet, and In- 


Rule. Firſt, —_—— the Feet into themſelves as Integers. Secondly, inſtead 
of multiplying the Feet into the Inches, take the aliquot Parts of a Foot, as. 
often as they can be found in the Feet, that ſtand diagonally againſt them, (by 
Rule I. hereof) and halve them when required. Thirdly, the Inches multi- 
plied into themſelves, every 12 is an Inch, the remains are Parts. | 
In Example I. the Feet being firſt multiplied into the 7 

Feet, proceed to the Feet into the Inches as following: ExameLe I. 
Firſt, as 3 Inches is the 4th of 12, therefore by Rule k. KW Jack; 


| find the fours in 218, ſaying the 4's in 21 5 times, and Multiply 272 3 
A 


1 remains, ſet down 5 as at A; and then ſay, the 4's ia by 218 | 
18 is 4 times, and 2 remains, ſet down 4, and the two — 
remaining beiug the half of 4, therefore ſet down half 2176 

one for it, vix. 6 Inches; then will 54 Feet, 6 Inches, | 273 * 
which is _ to a quarter part of 218 Feet, be the 544 

Product of 218 Feet, multiplied into 3 Inches. Se- 54 6 
condly, as 6 is contained twice in 12, therefore to multi- B 136 

ply 276 Feet, into 6 Inches, is no more than to take its I 

f, or ſay, the 2'sin2is1, ſet down i at B, and ſay —— ̃ 

the 2's ing is thrice, ſet down 3 next after the 1, and 59486 7 6 


carrying the 1 to the 2, which makes 12, ſay, the 2's 
in 12 is 6 times, ſet down 6, and then the Product of 2 


LON 
Feet, into 6 Inches, will be 136 Feet. Thirdly, * the 6 Inches into 3 


Inches, is equal to 1 Inch, 6 Parts; and the whole Product to 59486 Feet, 7 
Inches, and 6 Parts. | ExamyPLE II. 

In Example II. Firſt as 9 Inches is three quarters of * 1. 
12, therefore to multiply 531 feet into g Inches, firſt Multiply 752 9 


take the half of 531, which is 265—6 as at A,and the By 531 2 
half of 265—6,which is 132—9 as at B. ü 752 
Secondly as 2 is the ſixth of 12, therefore take the 6's 2256 
in 752, Which is 125, as at C. Thirdly the Inches 3760 
into themſelves, make 1 Inch 6 parts, and the whole A255 6 
being added asin Example I. is 399835 Feet, 4 Inches, Bi32 9 
6 Parts. 8 | | C125 0 
16 
399835 4 65 
G In 
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ExAur LE III. 


| 30 of 12, therefore to multiply 325 Feet into 1 Inch, take 
Multiply 392 1 the 12's in 325 which are 27 1, as at A. Secondly 
325 11 to multiply 392 Feet into 11 Inches, firſt take the 
1960 half of 392, which is 196 as at B, whoſe half is 98 as 
784 at C; and which twe Products are equal to 392 Feet 
117 multiplied into 9. Now as the remains to 11 is 2, 
A27 1 which is a ſixth part of 12, therefore by Rule I. take 
B196 the 6's in 392, which is 65 Feet 4 Inches. Laſtly 
C98 the Inches multiplied into themſelves make 11 parts, 
D65 4 and the ſeveral Products added, are 127786 Feet, 5 
Eo 11 Inches, and 11 Parts. | | | 
127786 5 11 g | 
ExamePLE IV. In Example IV. Firſt as 4 Inches is the third of 12, 
1333 F. I. therefore to multiply 372 Feet into 4 Inches take the 
Multiply 524 4 3's in 372, which are 124 as at A. Secondly as 
„ in 5 there are two aliquot parts of 12, wiz. 3, 
1048 which is a 4th, and 2 which is a 6th, therefore firſt 
3668 take the 4's in 524, which are 131 as at B, and then 
1572 the 6's in 524, which are 87 4. Thirdly the Inches 
A124 into themſelves, are 1 Inch 8 Parts, and the whole 
B 121 Product 195 268 Feet, 5 Inches, 8 Parts. | 
C87 4 | | | 
1 
195209 5 8 
3 In Example V. Firſt as in 7 Inches, there are two a- 
4 _—_ liquot . 12, viz. 6 which is a half, and 1 which 


Multiply 723 7 


Þ 5 firſt take the halves or 2's, in 512 Feet, which are 256 
ol as at A, then the 12's which are 43 as at B. . 
£440 as in 8 there are alſo 2 aliquot parts of 12, wiz. 6, and 
743 2, therefore to multiply 723 Feet into 8 Inches, firſt 
3615 take the halvc+ or 2's in 723 which are 361 6, as at 
A256 C, and then the 6's which are 120 S, as at D. 
B43 6 Thirdly the Inches into themſelves, are 56, equal to 
C 361 53 Inches 8 parts, and the whole Product 370957 Feet, 
1 120 3 4 Inches, 8 parts. ** 
370957 4 8 


FxamPLEVI. 


In Example III. Firſt as 1 Inch is the twelfth part 


is a 12th, therefore to multiply 512 Feet into 7 Inches, 


1n Fxample VI. Firſt as in ro there are two aliquot parts of 
12, viz. 6 which is a half, and 4 which is a third ; therefore to 


l 


. 
259 10 
172 10 
518 
1813 
259 
A 86 
37 4 
C329 6 
„ 
8 4 
10 4 


multiply 172 Feet into 10 Inches, firſt take the halves or 2's 


in 172 Feet, which are 86 as at A, and then the 3's which are 


57 4. Secondly . ſame aliquot parts, in the o- 
ther 10 Inches, therefore 


Feet which are 129 6, as at C, and then the 3's, which are 


86 4, as at D. Thirdly the Inches 10 into 10 equal to 100, 


are equal to 8 Inches 4 parts, and the whole product to 44907 
Feet, 10 Inches, and 4 parts. f N 


Thus 


rſt, take the halves or 2s in 259 


as Ki a © 
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2 72 &Z T9 C hand 
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Thus have I given you a Number of Examples in all the variety of odd Inches 
that can happen which being well underſtood, will make the Menſuration of 
Superficies and Solids very eaſy and delightful to every Capacity. And in Con- 
fideration that ſome kinds of Works are performed by Yard Meaſure, I ſhall 
therefore, before I proceed to Diviſion, ſhew the Multiplication of Yards and Feet. 

1 IV. Multiplication of Yards and Feet. | EE 

Note. iſt. That Yards multiplied into Yards produce Yards. 2dly, That 
Yards multiplied into Feet every 3 is a Yard, the remains more than 3 are lon 
Feet, a long Foot is one foot in breadth, and 3 Feet in length. 3dly, Feet multipli- 
22 org produce Parts, which are ſquare Feet, 3 of which make one long Foot 
aforeſaid. | 

Operation. Firſt, the Yards being multiplied as, Integers, to Feet 
multiply 251 Yards into 1 Foot, as 1 is the third part of 3 the 273 1 
Feet in a Yard, therefore take the thirds of 251, which are 251 2 


83 2, as at A. Secondly as 2, is two thirds of 3, therefore to 273 


multiply 272 Feet into 2 Feet, take the thirds, twice in 273, 1365 
which are 91, andg1 as at B, and C. Fhirdly, the Feet multipli- 546 
ed into themſelves are two parts, and the whole product is e- A 83 2 


qual to 68788 Vards, 2 Feet, and 2 parts. : Maw” 
vhs C | 
The next thing in order, to conclude this Lecture, is to ſhew ; 0 1 
| 68738 2 2 


8 How to prove Multiplicatien. 85 "On 
Rule, Make that which was your Multiplier, your Multiplicand, and then 
multiplying as uſual, if your Product be the ſame, your Work is true; if not, 
7 | | | | 


— LECT. V. of Diers ten, ; 

Ivifion is nothing more than a compendious Subtraction; for as many times 

as the Diviſor can be ſubtracted out of the Dividend, ſo many Units is the 

Quotient. In Diviſion there are four principal Parts to be obſerved ; viz. 1. The 

iven Number which is to be divided, called the Dividend. 2. The given Num- 

r by which the Dividend is to be divided, called the Diviſor. 3. The 

Number ariſing from the number of times that the Diviſor is contained in the 

Dividend, which is called the Quotient; and laſtly, a Number that ſometimes 

happens to remain when the Diviſion 1s ended, leſs than the Diviſor, which is 
led the Remains. | 


Diviſion in general is per- DF E G Table of Diviſors. 
form'd by this Analogy, wiz. 3725)99725432(26664 4534 H 3725 1 
As the Diviſor is to 1, ſo is the F 7450 -::, ade A 7450 2 
Dividend to the Quotient ; which H— R 11175 3 
] ſhall illuſtrate by the following g 2522,5::: C 14900 4 
Examples. 52235 O:: I. 18625 5 

| EXAMPLE. | IT B 22359 6 

"Tis required to divide 147746: | M 26075 7 
99725432, by 3725 ; firſt place & 2235 0:: N 29800 8 
the Dividend and Diviſor as at - 2 0 33525 9 
D E, ſeparated by a Crotchet as  £2404,3: | 
F. Alſo make another Crotchet * 2233 0: 
as G to ſeparate the Dividend : 
from the Quotient. Secondly 116932 
make a Table of Diviſors as in f 14909 
the Margin: thus 1ſt, place — 


3725 and againſt it ſet 1 ; 2dly, 
douvie 3725, as at A 7450, and 


9 2032 remains 


. againſt 
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againſt it ſet 2, fignifying, that 5450 is the Diviſor 2 times. Thirdly, add 
3725 and 7450 together, which make 11175, as at 4, againſt which fet 3. 
Fourthly, to 11175, add 3725, which make 14900, as at c, and againſt it ſet 4. 
Fifthly, to 14900, add 3725, which make 18625, as at /, and againſt it fet 5. 
Proceed in like manner, to add the firſtand laſt together, until you have | 
the Operations 9 times, placing the number of times againſt each. Or otherwiſe, 
multiply the Diviſor 3725, by 2, 8 * 6, 7. 8, 9, and their Products will be 
as againſt A, K, C, L. B, M, N, O. This being done, the Work is very eaſy, 
and is thus performed. Firſt, as 3725, cannot be had in the firſt 3 Figures of 
the Dividend 997, therefore under the fourth Figure 2, make a Point; then ſay, 
how often 3725 in 9972: Look in the Table of Diviſors for the leſs neareſt 
Number to 9972, which is 7450, againſt which ſtands 2, as at A. | 

Place 2 in the Quotient as at a, and 7450 under 9972, as at /, and ſubtract 
aire from 9972, the remains is 2522, as the firſt 4 Figures towards' the left 
and at g. Secondly, make a Point under 5 in the Dividend, which bring dowti 
and place againſt 2522, as thus, 25225, for a new Dividend. Then ſay, how 
often 3725 in 25225, Look in the Table of Diviſors, for the neareſt leſs Number, 
which is 22350, againſt which, ſtands 6; place 6 in the Quotient, as at &, and 
22350 under 25225, as at h, and ſubtract 22350 from 25225, the remains is 
2475, as the firſt 4 Figures to the left at 1. 'Thirdly, point the next Figure 4, 
in the Dividend, and bring it down to 2475, as thus, 24754 at i, for a ſecond 
new Dividend Then ſay, how often 3725, in 24754 look in the Table of 
Diviſors, and the neareſt leſs Number is 22350, againſt which ſtands 6, as at B; 
place 6 in the Quotient, as at c, and 22350 under 24754, as at #, and ſub- 
tract 22350 from 24754, the remains is 2404, as the firſt 4 Figures to the left 
at / Fourthly, point the next Figure 3, in the Dividend, and bring it down 
to 2404, as thus, 24043, as at J, fora third new Diviſor. Then ſay, how of- 
ten 3725 ,n 24043? Look inthe Table of Diviſors, for the neareſt leſs Num- 
ber, which is 22350 {as before) againſt which ſtands 6; place 6 in the Quotient, 
and 22350, under 24043, and the remains is 1693, as the firſt 4 Figures to the 
left at a. Fifthly, point the next and laſt Figure 2 of the Dividend, and bring 
it down to 1693. as thus, 16932, as at , for a fourth new Diviſor. Then ſay, 
how often 3725, in 16932 ; look in the Table of Diviſors for the neareſt leſs 
Number, which is 14900, agamit which ſtands 4; place 4 in the Quotient, as 
at e, and 14900 under 16932, and ſubtracting 14900 from 16932, the remains 
is 2032, and which being the laſt remains, is 2032 Parts of 3725, and which 
together make a Fraction, thus, 3532, which muſt be ſet in the Quotient, next 
after 26664, as in the Margin. | 

Note, That as many Points as are placed under the Figures of the Dividend, 

ſo many Figures will be in the Quotient. EET a 

The value of this Fraction, or any other, in the Parts of the Integer, may be 
found as following. Admit the Integers in this Example, to be Pouuds Ster- 
ling. 5 | | f 


A 2032 Firſt, multiply 20342, the remains, by 20, the 
20 Shillings in a Pound, as at A, and divide the Pro- 
— duct 40640, by 3725, the former Diviſor, as at 
B 3725) 40640 (roShillings B, and the Quotient 10 are — and 3390 
3725 remains, as at C. Secondly, multiply 3390, the 
— remains, by 12, the Pence in a Shilling, as at D, 
C 2390 rem. and divide the Product 40680, by 3725, the former 
D 12 Diviſor, as at E, and the Quotient 10 are Pence, 
| a: and 3430 remains. Thirdly, multiply 3430, the re- 
E 4725) 406 (10 Pence, mains, by 4, the Farthings in one Penny, as at P, 
3725 | and divide the Product 13720, by 37 25, as before, 
and the Quotient 3 are Farthings, and 2545 remains, 
3430 which are 2545 parts of 3725 of a Farthing, the 
7 


4 Farthing being divided into 3725 Parts. The man- 
| : ner 


* o 


» * 
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ner_of reducing this and other Fraftions, into the 3725) 13720 (3 Pan. 


leaſt equivalent Parts, is taught in Lecture VIII. .” M98 
ſufficient for performing all Varieties of Cafes in 2545 rem. 
whole Numbers, that can happen, and more ef; — 


cially when you have alſo learned the — 5 
. : Contrations in Divifon. | | 
I. When the Diviſor is 10,100, 1000, Cc. cut from the Divi- A 10) 7320 


dend, the ſame number of Figures to the right hand, as are Cy- B 100) 275143: 


phers in the Diviſor, and the Figures remaining to the left, are C1000) 721354 
the Quotient required. So 7320, divided by 10, I cut off the 
laſt Figure o, and 732 OY to the left, is the Quotient required, as at A. 
In like manner, 27543, divided by 100, the Quotient is 275 188; and 72354, 
divided by 1000, the Quotient is 72 1354, as and C, as the Figures cut 
off to the right hand, are ſo many parts of the Diviſor. And as in every of theſe 
Caſes, the Diviſor is decimally divided, therefore theſe remains are Decimal 
Fractions; and tho' I have here ſet their Denominators under each for plainneſs 
ſake, yet in Practice they are to be omitted, and the Fractions annexed to the 
whole numbers, as following, viz. 10,732, not 10 7333, and 275,43, not 275 
185 3 and 72,354, not 725388, of which I have already advertiſed you in the 
preceding Lectures. 

II. When your Dividend and Diviſor conſiſts of Cy- 63 looo) 7735000 (122 
phers to the right hand, cut off an equal Number of 
Cyphers in both, and then proceed as before taught : ſo to divide 7735000 by 
630co, cut off three Cyphers in each, and divide 7735, by 63, as in the Mar- 


in. ; ; 
a III. If your Diviſor have Cyphers annexed, and 1 200) 73254179 (6104. 1288 
your Dividend none, cut off as many Figures in 72 

our Dividend, as there are 17 in your Divi- — 


r, and then proceed 5 _ So OD I2 

2 by 1200, cut off 79, the laſt two Figures —_— 
aq 4 ividend, and dividing 73254 by 12, the > 
Quotient will be 6104, 6 remains as in the 48 
Margin. The 6 remaining, is to be placed before — 5 
29, cut from the Dividend, making it 679, and 6 rem. 
which is the true remains, and the Numerator of the — 
Fraction 2288, as annexed to the Quotient. | 

To prove Divifion. 


Multiply the Quotient by the Diviſor, and to the Product, add the remains, 


when any, and if the work be true, their Sum will be equal to the Dividend. 


| | Division of Decimars. | 
Diviſion of Decimals is performed in every reſpet as whole Numbers, and 
for diſcovering the true value of the rw this is the general Rule; 
| 3 U LE. | 
De places of Decimal Parts in the Diviſor and Quotient, being accounted together, 


| muſt akways be equal in number with thoſe in the Dividend; and therefors as many 


Figures as are cut off in the Dividend, ſo many muſt be cut off in the Diviſor and 
Quotient: or thus; cut off as many Figures in the Quotient, as will make thoſe cut 
off in the Divifor equal to thoſe in the Quotient; always obſerving, that if there 
be not ſo many in the Quotient, to add Cyphers to the left hand. And als, 


that if your Dividend be an Integer, or have leſs cut off than is in the Diviſor, 


to add Cyphers to the Dividend, till they are equal. 
' This general Rule admits of four Caſes. | 


Caſe 


= 
4 5 
4 
0 
|» BY 
x 1 
ö 190 
12 
y 5 
WOT 1: / 
3 | 
4 — 
N 17 
6.1848 
1 b : 
11. 5 1 
1 5 
. N- 
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FExAM PLZ I. 


25,635) 4672, 565 (i182 Caſe 1. When the places of Decimal Parts in the Di- | 
| * 


„5 viſor and Dividend, are equal in Number, as in this Ex- 
5 22 ample in the Margin, where both Diviſor and Dividend 
210906. are mixed Numbers, then the Quotient will be all 
205080: whole Numbers. e ; 
58265 
51270 
6995 rem. | 
| — Es Exameris II. 
27) 7254, 271 (17,012 Divide 7254,271, by 427, as in the Margin. Here 
8 Us. . the Dividend is a mixed Number, and the Diviſor is In- 
— tegers, and as here are three Decimals in the Dividend, 
2984 and none in the Diviſor, therefore cut off o1 2, the laſt 
2989 3 Figures in the Quotient, and the Quotient will be 
— — | 17,012. 5 
527 | 
427 
1001 
854 
147 rem. 


| Examyts III. Divide 75 by, ol 25, as in the Margin. | 
,0125) 7500 (Go Here the Dividend is Integers, and the Diviſor a Decimal ; 


750 and ſeeing that 75, the Dividend, conſiſts but of two places, 


— I therefore add two Cyphers to it, making it 75500, that 

oo thereby both Diviſor and Dividend may be made Fractions, 

— and by their being both of equal number of Places, therefore 

by Caſe 1. the Quotient is Integers. | 

Ca/e 2. When there are not ſo many places of Decimal Parts in the Dividend, 

as there are in the Diviſor, then annex Cyphers to the Dividend, to make them 

equal, and the Quotient will be all whole Numbers, as in Cafe 1. 

Her A EramPie IV. 


725) 3425,000 (4724 | »725) 3425,00000 (4724,13 Divide 3425, by ,725, as 


2900 * ** 2900 in the Margin. Now here 
— — the Dividend being Inte- 
3 ee — and the Diviſor a 
306 e ecimal, to bring out In- 
— .* © — tegers in the Quotient, I 
1760 17% * add 3 Cyphers to 3425, 

75 75 Bax 3425 

1480 16 the Dividend, and the Quo- 
— — tient is 4724, and i co re- 
3000 3000 mains. But if 'tis required 
2900 200 to have the Quotient to a 
— — greater Exactneſs, then I 
100 rem.  * $000" add a competent number 


of Cyphers more, to the 


* 728 


— Dividend. In the follow- 
2750 ing Example, at A, in the 
2175 Margin, *tis required to 

have two Places of Deci- 
575 rem. mals, after the Integral 
— Fart of the Quotient, where 


» 


the 


GG 


pa ;, &w FF ts 0 
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aotient is 4724,13, and 575 remains ; for by adding two Cyphers more 
og Fe oy on Ye 5 — 2 before to make the Diviſor and Divi- 
dend equal; and cutting off the ſame number of Places from the Quotient, leave 
13 for the fractional part required, and 575 remains. | 
In this manner, by —_— of a greater number of Cyphers, you may come 
nearer to the Truth; but in all Caſes like this, where the Diviſor is not contain- 
ed an exact number of Times in the Dividend, there will always be a remainer. 
Caſe 3. When the number of Places of Decimal Parts 
in the Dividend, exceed thoſe in the Diviſor, cut off the 7,54) 71,4038 (9,47 
exceſs of Decimal Parts in the Quotient. As for Exam- 6786 


ple, divide 71,4038, by 7,54, as in the Margin; where aa 
the 3 — in the Dividend is 4, and 3543 
but 2 in the Diviſor ; therefore, as the Exceſs is 2, cut 3016 
off 47, the laſt two places in the Quotient. —_ 
5 i 5278 
5 5278 
o rem. 


| Caſe 4. If after Diviſion is finiſhed, there are not ſo 
many Figures in the Quotient, as there ought to be places 43) .1 3975 C0025 


of Decimal Parts by the general Rule, then ſupply their 129 
Defe& by prefixing Cyphers before the Figures produced — 
in the Quotient. As for Example, divide ,13975 by 43. 107 
Now here the Dividend is a Decimal, and the Diviſor is 0 
Integers, whoſe Quotient is 325. But as in the Dividend, — 
there is 5 Places, therefore, according to the general 215 
Rule, I prefix two Cyphers before the Quotient 325, mak- 215 
ing it, 003 25, which is the true Quotient required. REF od 
| : 2 


Note, When any Decimal Fraction, or mixed Number, is to be divided by an 
Unit, with any number of Cyphers annexed, remove .the Separatrix, as 
many places towards the left hand, as there are Cyphers annexed to the 
Unit; ſo if 57,27, were given to be divided 


K „ 
| 100, 58727 
by & 1900, the Quotient will be , 05727 
10090, | „005727 
100000, | ,0005727 


Now, from the preceding Examples, it may be obſerved, firſt, That when the 
Dividend is ſuperiour to the Diviſor, the Quotient is either Integers, or Integers 
and Decimals : and laſtly, That when the Diviſor is ſuperiour tothe Dividend, 
the — is a Decimal, and which in both Caſes holds good in all other Ex- 
amples. | 


LECT. VI. OfREepucrion. 
Eduction is nothing more than Multiplication or Diviſion, or both, and 
its uſe in whole Numbers is for changing quantity out of one Denomination 
= another, as greater into leſs by Multiplication, or leſs into greater by Di- 
viſion. | | 


LxAur LE 


entern 


(\ExamPLz I. In $298 ſuperficial Feet, how ſuperficial Inches ? EG 
5278 Here becauſe : faperficial Foot — 144 ſuperficial Inches, there- 


144 fore multiply 5278 by 144, and the Product 760032, as in the Margin is 


Ot the Anſwer required. 


* 


ExAMTLE II. I 2 ſuperficial Taches, how many ſuper ficial Feet P 
144) 760032 (5278 Here you divide 760032 the Number given by 144, the 
720% f: ſquare Inches in a ſquare Foot, and the Quotient is 5278. 
CEN» Now theſe two Examples, which are converſe to each o- 
400 :: ther, illuſtrates all that can be done in Reductions, and there- 
288: fore I need only add the following Rules, by which Re- 
..  duttions in general may be performed. 5 | 


1123: 
1008 : 
1152 
1152 


o rem. 


Rule 1. To reduce Pounds into Shilling multiply the Pounds by 20, the Shil- 
lings in a Pound, the Product will be Shillings ; and to reduce Shillings into 
Pounds, divide the Shillings by 20, the Quotient will be Pounds. 

Rule 2. To reduce Shillings into Pence, multiply the Shillings by 12, the Penee 
in a Shilling, the Product will be Pence; and to reduce into Shillings, 
divide the Pence by 12, the Quotient will be * | | | 

Rule 3. To reduce ſquare Yards into Feet, multiply the Yards by g the ſquare 
Feet in a Yard, and the Product will be Feet; and to reduce ſquare Feet into 
Yards, divide the Feet by 9, the Quotient will be Yards. ON: 

Rule 4. To reduce ſolid Yards into ſolid Feet, multiply the Yards by 27 the ſo- 
lid Feet in a ſolid Yard, and the Product will be ſolid Feet; and to reduce 


ſolid Feet into ſolid Yards, divide the Feet by 27, and the Quotient will be | 


ſolid Yards. . =” 

Rule 5. To reduce ſquare Statue Rods into ſquare Feet, * the Rods by 
272 4 the ſquare Feet in a ſquare Rod, and the Product will be ſquare Feet; 
and to reduce ſquare Feet into ſquare Rods, divide the Feet by 272 4, and the 
Quotient will be ſquare Rods. - 

Rule 6. To reduce Squares of Roofing, Tyling, &c. into _— Feet, multiply 
the Squares by 100, the ſquare Feet in a Square of Work, and the Product 
will be ſquare Feet. And to reduce ſquare Feet into ſquare Rods, divide the 
Feet by 2724, and the Quotient will be ſquare Rods. t - 

Rule 7. To reduce ſolid Feet into ſolid Inches, multiply the Feet by 1728, the 
Number of ſolid Inches in one ſolid Foot, and the Product will be ſolid Inches; 

and to reduce ſolid Inches into ſolid Feet, divide the ſo'id Inches by 1728, and 
the Quotient will be ſolid Feet. 

Ryle 8. To reduce Loads of Timber to ſolid Feet, multiply the Loads by go, 
the Number of ſolid Feet in a Load of I imber, and the Product will be ſolid 

Feet. And to reduce folid Feet into Loads, divide the ſolid Feet by 50, an 


the Quotient will be Loads. 


Theſe Rules, which are very plain, being underſtood, will render the reaſon of 


all other kinds of Reduction eaſy to the meaneſt Capacity; and as the Re- 


duction of Decimals will be beit underſtood when vulgar Fractions have been 
. | explained, 


A yy Xt F eng 
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explained, I ſhall therefore proceed to the Golden Rule or Rule of Three in 
whole N umbers. | Df 


LECT. VII. The Gol Den RuLe, or Rule of TurEs. 


oo 


HIS Rule for its excellent Uſe is called the Golden Rule, and teaches to 


find a fourth Number, which ſhall have the ſame Proportion to one of 
three Numbers given, as they have to one another, and therefore is alſo called 
the Rule of Proportion. This Rule is Direct, Indirect, and Compound. | 
I. The ſingle Rule of Three direct, finds a fourth Number in ſuch Proportion 
to the third, as the ſecond is to the firſt; or as the ſecond is to the firſt, ſo is the 
third' to the fourth, | | | 
ExamPLE I. 1 the Diameter of one Circle be 7, and its Circumference 22, what 
is the Circumference of anather Circle whoſe Diameter is 14 Feet ? | 
- Rule. Firſt place your Numbers as in the Margin, ſecondly D. C. D. C. 
multiply 14 the third Number by 22 the ſecond Number, and 7: 22 :: 14:44 
divide their Product 308 by 7 the firſt Number, the Quotient @a 6 22 c 


44, is the fourth Number and Anſwer required. | _ 
Now you mult obſerve that as the firtt and third Numbers 28 

are always of like Kinds, viz. both Diameters, ſo likewiſe are 28 

the ſecond and fourth Numbers of like Kinds, being both Cir- — 
cumferences, of which the firſt is always given, and the laſt is 7308044 
the Anſwer required. 8 
Note, When the fourth Number is thus found, place it next 3 
after the third Number, with two dots of Separation between 28 
them as is done at c. The ſame Kind of Separation muſt be al- 28 
ſo always placed between the firſt and ſecond Numbers, as at 15 
a. But between the ſecond and third, always place four Dotts o 
or Points, as at 3. Theſe points of Separation, ſo placed, ſig. ** 


nify the following Words, viz. the two Points at 4 thus :, ſignify the Words, 
is to, the four Points at 6 thus ::, ſignify the words, / is, and the two Poinis at 
c thus :, ſignify the word ; and therefore the four Numbers, 7 28-2514: 44s 
are thus to be read, wiz. as 7 is 10 22, / is 14, 7 44. And ſo in like manner, 
all other Numbers having the ſame Analogy. {7 3 
| | | ExamPLE II. 
If the Circumference of a Circle be 22, whoſe Diameter is 7, what is the Di- 
ameter of another Circle whoſe Circumference is 44 ? | | 
Here the nature of the Queſtion requires the two firſt Num- Analogy. 
bers to be placed the reverſe to thoſe of the foregoing Example; C. D. C. D. 
for as there the 4th Number required was the Circumference of 22 : 7 :: 44 : 14 


a Circle, ſo here on the contrary the Diameter of a Circle is 7 
required. But the manner of working by multiplying the third — 
Number by the ſecond, and dividing by the firſt, is the ſame 22)308(14 
here as before, as is ſeen in the Margin, where the Quotient 14, 22: 
is the Diameter required. Now as in both theſe and all other. IPO 
Examples in the Rule of Three Direct, the fourth Number is 88 
always equal to, or more, than the ſecond. So in the Rule of 88 
Three Indire&t the fourth Number is always leſs than the ſe- 3 
cond ; and as the 4th Number in the Direct Rule is found by | - rem. 
multiplying the ſecond and third Numbers together, and di- I 


viding of their Product by the firſt Number; ſo on the contrary in the Indi- 

rect Rule you multiply the firſt and ſecond into one another, and divide their Pro- 

duct by the third, as n | 

II. The Rule of Three Indi ect. 

8 | EXAMPLE. 

If 20 Men can perform a certain quantity of work in 50 Days, how long a 

Time wil 40 Men be employcd to je:form the ſame ? | - 
H 41 


* — 
co De Gorpen Rur x, or Ris of Tune, 


Men. Days. Men. Days. Rube. Multiply 5o the ſecond Number, by 20 the 
20 50 40 25 firſt, and their Product 1000, divide by 40 the third 
20 Number, and the Quotient 25, is the Anſwer required. 


40) 1000 (25 
N III. The Golden Rule Compound. DO. 

In the Golden Rule compound, there are five numbers given, to find a fixth 
in Proportion thereto, which Numbers muſt be ſo placed, as that the three firſt 
may contain a Suppoſition, and the two laſt a Demand. And that you may 
place your Numbers truly, always obſerve, that the firſt Number be of the ſame 
———— with the fourth; the ſecond of the ſame Denomination with the 


fifth; and the third with the ſixth required. 
e | 
Tf 20 Bricklayers, in 136 Days, perform 680 Rods of Brick-work, how many 
Rods can 12 Bricklayers perform in 28 Days? Ke ; 
+ 0:3 Xule. Firſt, ſtate your Numbers as in the Mar- 
M. D. R. M. D. gin: ſecondly, multiply the two firſt Numbers to- 
20 136 680 12 28 yether, wiz. 136 into 20, whoſe Product is 2720, 
20 112 as alſo the two laſt, 12 and 28, whoſe Product is 
— — 336. Now the Anſwer to this Queſtion, is found 


2720 336 by the Rule of Three direct, for making 2720, 
— —— (the Product of the firſt two. Terms) the firſt Num- 
2720 680 336 ber; the third given Number, 680 Rods your 

. ſecond, and 336, (the Product of the two laſt) your 

8 — third Number: then 228480, the Product of 680, 

26880 multiplied into 336, the firſt two Numbers, being 
2016 A divided by 27 20, the Quotient is 84, as in the Mar- 
— in at A, which is the ſixth Number, and the An- 
2720) 228485 (84 wer required 
317660 | 
10880. 
10880 
o rem. | 
\ 


pp prove the Goliten Rule. e ä 
As the ſour Numbers are proportionals, that is, the 4th is to the 2d, as the 
3d is to the 1ſt ; therefore the Square of the two Means, (which are the ſecond 
and third) are always equal to the Square of the two Extremes, (which are the 
' Fritand laſt:) thats to tay, If the Product of the firit and laſt Numbers, multi- 
plied into each other, be equal to the Product of the two middle Numbers mul- 
tiplied together, the work is right, elſe not. 
| "v5 80 228480, the Product cf 336, multiplied into 680, 
336 2720 Which are the two Means of the laſt 3 as in the 
A 68 B 84 Margin at A, is equal to 228480, the F roduct of 84, mul - 
tiplied into 2720, the two Extremes of the ſame Example, 
2 10880 as at B. Hence tis plain, that when the given Numbers, 
21760 in the fo: egoing three Varieties of the Rule of Three are 
— — truly — (and which indeed is the only Difficulty in the 
228,480 page” Lhe manner of performing the Operations, is ve- 
r | | | | 
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LECT. VIII. Of Vulgar and Decimal Fractiens. 
| „ I. Notation of Fradions. , | f : 
Fraction is a broken Number, ſignifying one or more Parts, proportionally of 
ay thing divided, and therefore is always leſs than Unity. It confiſts of two 
Numbers, ſet one over another, with a Line between them, as 4, which figni- 
fies one fourth, or quarter of an Integer or Unit; and ſo in like manner, ſigni- 
fies one half; 4 three fourths, or three quarters; 3 two thirds; 4 one third; 
+ three Eighths ; + five Eighths, &c, The upper number is called the Nume- 
rator, and the lower the Denominator. In all Fractions, as the Numerator is to 


the Denominator, ſo is the Fraction itielf, to that Whole, of which it is a Frac- 


tion. Hence tis plain, that there may be infinite Fractions of the fame value 
one with another, for there may be infinite numbers found, which ſhall have the 
ſame Proportion one to another, So 4, g, A, are each of the ſame value as 
4; and2, f. 1g, 45, are each of the ſame value with 45. When the Numera- 
tor is leis than the Denominator, the Fraction is leſs than an Unit, and there- 
fore is called a Proper Fraction; but when the Numerator is either equal to, or 
greater than its Denominator, the Fraction is called Inproper, becauſe tis equal 
to, or greater than a Unit. So 4 is equal to 1, as alſo , and 4, &c. and 3 is 
equal to1 4, and 4 to 1 4. Fractions are ſingle or compound: Single Frac- 
tions are ſuch as have but one Numerator, and ane Denominator, as 4 two 
thirds, 4 three fifths, r, nine elevenths, 5, five twelfths, Ac. Compound 
Fractions, are Fractions cf Fractions, and are ſuch as conſiſt of more than one 


Numerator, and one Denominator, as 4 of r of au, that is to ſay one Farthing, 


which is 4 of a Penny, which is Ig of a Shilling, which is £ of a Pound Ster- 
ling. All Fractions, whoſe Numerators and Denominators are proportional to 


one another, are equal to one another, as before obſerved. So $is equal to 3, 


and F to 4, &c. When Integers and Fractions are joined together, as 1 2, 
or 7 Ar; Or 15 5, they are called mixed Numbers. Things commonly expreſſed 
by Fractions, are the parts of Coin, Weight, Meaſute, &c. So Inches are Frac- 
tions, in reſpect of Feet, and Feet are Fractions in reſpect of Yards, Rods, &c; 


As Addition and Subtraction of Fractions, cannot well be performed without the 


Knowledge of Reduction, I ſhall therefore firſt teach you Reduction. 
II. Reduction of Vulgær Frattions. £51 
By Reduction you are taught, firſt, how to bring Fractions into their leaſt 
equivalent Parts, and their various Denominators into common Denominators, 


or into one Denominator. Secondly, to find the value of any Fraction, in the 


known parts of th# Integer. And laſtly, to reduce whole or mixed Numbers 
into improper Fractions, and improper Fractions into mixed Numbers. 

I. To bring Factions into their leaft equivalent Parts. ; 

Rule. Firſt, divide the Denominator by the Numerator, and the Diviſor by 
the Remainder, if any be: thus continue to divide the laſt Diviſor, by the laſt 


Remains, till nothing remain, and the laſt Diviſor is your greateſt common 
Meaſure ; by which dividing the Numerator and Denominator, and their Quo- 


tients being placed in a Fractional manner, will be a new Fraction equal to 
the given Fraction, and in the leaſt Parts. . 2 
1 ExamyLE. Let 21g, be a Fraction given, to be reduced into its leaf 
erms. | 
Firſt, the Denominator 819, divided by 6373, 637) $19 (1 
„ 


the Numerator, the remains is 182, as at * 
A. Secondly, the Diviſor 637, divided by — 
182 the remains, as at B, the remains is 91. A 182 rem. 


Thirdly, tne laſt Diviſor 182, being divided 


by the laſt remains gr, as at C, and o re- 182) 637 (3 


mains; therefore gt, the laſt Diviſor, is 546 

the greateſt common Meaſure required. — | 

Fourtaly, divide 637, the Numerator ef the B 91 rem. "6 
; : 2-2 | 5 given 


I Fc. we 


- * 
het 
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-þ e given Fraction, by 91, as at D, and the 
C 91) 182 (2 : Quotient 7, is a new Numerator. Fifthly, 


182 5 divide bi. the Denominator of the given 
— Fraction, by 91, as at E, and the Quotient 


| © rem. 9 is a new Denominator. Laſtly, the laſt 
| | two Quotients, 7 and , being placed as at 
D 91) 637 (7 new Numerator. F, will be the new Fraction required; and 
A | equal to 313, the given Fraction. 
oem. 5 
= 91) 319 (9 new Denominator. 
; 8 | 


| Orem. 
F new Fraction equal to 343. 


Note, When it happens that your laſt Diviſor is an Unit, the Fraction is in its 
Teaſt Terms already, becauſe 1 neither multiplies nor divides. 

It is alſo to be obſerved, that ſome Fractions may be abbreviated, by halvin 

both your Numerator, and your Denominator, as often as you can, and whic 
mt gent be done, when both Numerator and Denominator end with a Cy- 
pher. 
II. To reduce ſeveral Fraftions, whoſe Denominators are different, into other 
| |  Frattions having a common Denominator. 
Rule. Firſt, multiply the Denominators into themſelves, and their Product is 
a new Denominator common to every Fraction. Secondly, multiply every Nume- 
rator into each Denominator continually, except its own, which ſha!l be new Nu- 
merators. | | X 

EXamPLE. Let 2, 3, 5, be Fractians given, to be reduced into other Frafions, 

| which ſhall have one common Denominator. | 
a Operation. Firſt, to find the common Denominator, I ſay, the 
* % Denominator 2, into the Denominator 4, is 8; and $ into the Deno- 
3% 12 49 minator 6, is 48, the new Denominator required, which place under 
4 * each Fraction, as at a 6c: Secondly, to find the new Numera- 

tors, I ſay, the Numerator 1 into the Denominator 4, is 4 ; and 
4 into the Denominator 6, is 24, which I ſet over 24 at 2. Then the Nu-- - 
merator 3, into the Denominator 2, is 6, and 6 into the I*enominator 6 is 36, 
which I place over 48 at 5. "Thirdly, the Numerator 5 into the Denominator 2 
is 10, and 10 into the Denominator 4, is 40, which I place over 48 at c. Then 
Will 2g. 3%, and 22, which have one common Denominator, be equal to the 
given Fractions 2, 4, S, as required. | ws 

III. To find the value of any vulgar Fraction in the known parts of the Integer. 

Rule. Multiply the Numerator of the Fraction, by the known Parts of the 
next leffer Denomination, and that Product being divided by the Denominator, 
the Quotient is the parts of that Denomination required. 

- "+ 7 ExameLE. How many Inches are contained in +35 of a Foot, 
75 as the next leſſer denominative parts of a Foot are Inches? I there- 
12 fore multiply 75, the Numerator, by 12, the Inches in a Foot, and 
— the Product 9, being divided by 100 the Denominator, the Quo- 
100) co { tient q, is the number of Inches, which are equal to 473 as re- 
— * quired. This may be alſo found by tue Rule of Three dire. 
For 100: 12 :: 75:9. - | 


i 
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If the given Fraction +35 be parts of a Yard, on 
and *tis eh. ar know how many Feet and Inches 9443 


are equal thereto, multiply the Numerator 75, by 3, 
the Feet in a Yard, as at A, and the Product 225 100) 2125 (2 Feet. 


being divided by the Denominator 100, the Qyo- 25 rem. | 
tient is 2 Feet, and 25 remains. Now in all kind 12 Inches in a Foot. 
of Caſes, when a Remainder happens, multiply the — 


. Remainder by the Parts of the next leſs Denomina- 100) 3150 (3 Inches. 


tion, and divide by 100 as before. So here, as In- — 


ches are the next leſs Denomination, therefore the | 
| Remainder 25 e ee, ex by 12 the Inches in a Foot, and the Product 300, 


divided by 100 as before, the Quotient is 3 Inches. Theſe two Quotients, 2 
Feet, an 3 Inches, are the Feet and Inches which are equal to 138 of a Yard, 
as required. | 

* the ſame manner, the value of 4343 of a Pound Sterling, will be found 
to be 55. 64. 29 which to find after having multiplied the Numerator into 20, 
the Shillings in a Pound, which are the next leſs Denomination, and divided the 
Product by 480 the Denominator ; multiply the remains by 12, the Pence in a 
Shilling; and the remains of that Product, after dividing it by 480, multiply by 
4, the Farthings in a Penny, the next leſs Denomination, Qc. 

IV. To reduce whole or mixed Numbers into improper Frafions, and improper 


Fractions into mixed Numbers. 


Firſt, If your Number be an Integer, and the given Denominator be 12, it 


is done by making an Unit the Denominator, and 12 the Numerator, as thus . 
Secondiy, if the given Number be mixed, as 1 fz, then making 12 the Denomi- 


nator, add 7 to 12, equal to 19, is the Numerator, and the Fraction is thus ex- 


preſſed 49. Thirdly, to reduce an improper Fraction to a 4 Fraction, divide 
the Numerator by the Denominator, the Ne eh will be Integers, and the 
Remains, if any, will be a Numerator to the former Denominator. So 2, is 4. 


I, for 59 divided by 12, the Quotient is 4, and 11 remains. 


V. To reduce a compound Fraction into a fingle Fraction. 

Rule. Multiply all the Numerators one into another, for a new Numerator, and 
the Denominators, one into another, for a new Denominator, which being placed 
in a Fraction, will be the Fraction required. TA 

So +1 of 25, is zus, that is, 11 Pence, which is 35 of a Shilling, which is 

of a Pound, is 24, that is, it is yet 11 Pence, becauſe the new Denomina- 
tor 240, is equal to the Pence in a Pound Sterling. | 
h III. AppiTtion of Fractions. 

Before the Addition of Fractions can be well performed, you muſt firſt obſerve 
to reduce every given Fraction to be added, into its leaſt Terms, and then the 
Work is very caty, as appears by the following Rules. | 

I. To add Frattions of the ſame Denomination. | 

Rule. Add all the Numerators into one Sum, for a new Numerator, keeping 

the ſame Denominator; and when the new Numerator is greater than the Deno- 


minator, divide the Numerator by the Denominator, and the Quotient will be 


the Integers and Parts. 

So if Pr. is» N ix» 13% be given Fractions to be added, the Sum of the Nume- 
rators added together, is equal to 32, and the Fraction is 4; ; and as the Numera- 
tor 32, is greater than 12 the Denominator, therefore divide 32 by 12, and the 
9 2 Fr, equal to 2 #, or 2 4, Which is the Sum of the Fractions as re- 


ul | | | 
1 II. To add Fractions of divers Denominations. 

Rule. Firſt, reduce the Fractions to be added, into one Denomination. Second- 
ly, add all the Numerators into one Sum. Thirdly, if the Sum of the Numera- 
tors be greater than the Denominator, divide the Sum of the Numerators by the 
Denominators, as before taught, and the Quotient is the Sum required. But 
when the Sum of all the Numerators, is leſs than the Denominator, then the Sum 
of the Fractions is the new Numerator required. IV. 
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Ed IV. SUBTRACTION of Fra#ions. | 8 

Rule. Firſt, reduce the two Fractions into one Denomination. Secondly, ſub. 

tract as leſſer Numerator from the greater, and the Difference is the remains 
required. | . 
wy h V. MULTIPLICATION of Frafiors. 

Before Fractions can be multiplied, if there be any mixed Numbers, they muſt 
be reduced into improper Fractions, and if any are compound Fractions, they 
muſt be reduced to fingle Fraftions ; and then the Fractions being all reduced 
to the loweſt Terms, this is the Rule. | . 8 

Firſt, Multiply the Numerators into each other, their Product is a new Nume- 
rator. Secondly, multiply the Denominators into each other, and their Pro- 
duct is a new Denominator. So 4, multiplied by 3, the Product is 32, equal to 
2 ; and fo in like manner 3, ys, 2, Fr: multiplied into each other, their Product 
15 7342 ; which reduced into the leaſt Terms, is 218. Now from hence tis plain, 
that the Multiplication of Fractions is the very ſame thing, as to reduce a com- 

nd Fraction into a fingle Fraction, as was but now taught in the Reduction of 
rations. And fo in the ſame manner, ten thouſand Fractions placed before 
one another in a right Line, may be multiplied into each other. 8 
| VI. Diviston of Fradions. 

Before any Proceeding can be made in the Diviſion of Fraftions, that are 
mixed or compound, and notin their leaſt Terms, they muſt be prepared as before 
was taught in Multiplication, and then proceed by the following Rule. 85 

Rule, Multiply the Denominator of the Diviſor, by the Numerator of the Di- 
vidend, and their Sum is the Numerator of the Quotient; and the Numerator 
of the Diviſor being multiplied into the Denominator of the Dividend, the Pro- 
duct is the Denominator of the Quotient. | 
5 Suppoſe 3, be to be divided by 3, as in the Margin at A, then 

A 6. the Denominator of the Diviſor, multiplied into 3, the Nu- 
3) 1 (43or FF merator of the Dividend, the Product is 18 for the Numerator 

B of the Quotient, and 5 the Numerator of the Diviſor, multiplied 
11 6 or into 4 the Denominator of the Dividend, the Product 20 is the 

| Denominator of the Quotient required. So 3, divided by 15 as 

at B, the Quotient is 38. equal to 3. | 
general Rule for all jorts of compound Divijions, I. When there is a Fra&ion in 
the Diviſor er Dividend. | | 

Eule, Multiply the Diviſor and the Dividend, by the Denominator of the Frac- 
tion, adding the Numerator to that, to which it belongs, and their Products be- 
ing divided as Iutegers, the Quotient will be the true Quotient required. 

So 271, divided by 7 3, the Diviſor 7 multiplied by g the Denominator of the 
Fra&ion, whoſe Product is 63, being added to 8 the Numerator of the Fraction, 
their Sum 71 is a new Diviſor. And then 271, multiplied by the Denominator q, 
the Product 2439, is a new Dividend, which being divided by 71, the Quotient 
is 34 3F 1 and ſo in like manner, if 2953 be to be divided by 27, then 27 multi- 
lied by 8, the Denominator of the h raction, the Product 216 is the new Diviſor, 
and 295 the Integers of the Dividend, multiplied by 8, and the Numerator 7, 
added to the Product, the Sum 2367 is a new Dividend. Now 2367, divided by 
216, the 2 is 10 413, equal to 21. : | 
| I. When there are Factions in both Diviſcr and Dividend. 
Rule, Firſt reduce the two Fractions into one Denomination, ſecondly multi- 
y the Diviſor and Dividend by the Denominator common to both Fractions, 
and to their reſpective Products add their Numerators; and then their Sums 
being divided as Integers, the Quotient will be the Anſwer required. So if 275 3, 
be to be divided by 30 , the two Fractions reduced into the fame Denomination, 
will be $2, and 33. Now 39, the Integers of the Diviſor being multiplicd by 56, 
and 40 the Numerator of its Fraction added to it, is equal to 2224 which is a new 
Diviſor, and 275 the Integers of the Dividend, multiplied into 56, with 21 its new 
"ARS Numerator, 


4a = wo A *& ._a ww: my 


mals, that there will be ſtill a remain 
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Numerator, added to the Product, is equal to 1 5421, which being divided by 
2224 the Quotient is 6 2244, which Fraction is in its leaſt Terms. 


VII. RepucT1oN, or rather the changing of Vulcar Fracbions into Decimal 
Factions, and Decimal Fractians into Vulgar Fraftions. | 

Rule, Annex as many Cyphers to the Numerator of the given Fraction, as you 
would have 3 in the Decimal, which being divided by the Denominator, the 
Quotient will be the Decimal required. EC Ls g a 

So to reduce 4 into a Decimal of two Places, I add two Cyphers to 3 the Nu- 
merator, ma cing it 3000 which being divided by 4 the Denominator, the Quo- 
tient 75. is the al required. in like manner, if *twas required to have 
had the Decimal of 3 places, then I ſhould have added 3 Cyphers to the Numerator 

, making it 3000, which being divided by 4, as before, the Quotient would 

857 o, which is equal to „75. For, 18 is equal to 1888, becauſe cutting off the 
lat Cyphers in both Numerator and Denominator, thus 1338, the remains 188 
is then the ſame as the Ts OT A | 

Vulgar Fractions may into Decimal Fractions by this 4ralopy, vi 
as the Denominator of the vulgar Fraction is to its N «nn. ſo is the - Fs 
Denominator of the Decimal Fraftion to its Numerator required. 80 if 229 be a 
vulgar Fraction given, to be changed into a Decimal, whoſe Denominator is 100 ; 
then as 120:96 :100: 80, ſo that, 90 is the Decimal required, and on the 
contrary. Decimal Fractions may be changed into vulgar FraQtions by this A-- 
nalogy wiz. as the Decimal Denominator, is to its Numerator, fo is the given 
Vulgar Denominator, to its Numerator required. . 

Let +22 be changed into a vulgar Fraction whoſe Denominator is 120; then 


as 100: 80 :: 120 : 96, ſo that 1 is the vulgar Fraction required. 


Note, It will happeñ in many Caſes, of changing vulgar Fractions into Deci- 
der although you ſhould annex ten thouſand: 
Cyphers to the Numerator of the given Fraction 3 and therefore it is to be noted, 
that if you make the Decimal to confiſt of 5 or 6 Places, it will be near enough 
in almoſt every Caſe of Buſineſs, and the remainder may be rejected as of no 
ue. | | 
Now there only remains to ſhew how to find the value of any given Decimal 
parts of a Foot, Pounds Sterling, Cc. which is done by this, 1 b — 
Rule. Multiply the given Decimal into the Units that are contained in the Inte- 
ger, (as in Decimal Multiplication ) and the Product will be the value of the De- 
cimal. 3 | | 
2 EXAMPLE. i 
Suppoſe , 785 2 be a given Decimal, whoſe Integer is a Foot. 
Here the Decimal ,7852, multiplied by 12 the Inches or U- 557852 
nits, that are contained in a Foot, which is the Integer, the Product 12 
is 9,4124, which is 9 Inches, and ,4124 Parts of an Inch. And ifküß⸗⁊ßłU. 
we ſuppoſe an Inch to be divided into 100 Parts, then multiplying. 9,4124 
124 the remains by 100, the Product is 41, 2400, which is 41 hun- | 100 
Sed Paxta of an Inch, and the remains 2400, is 2400 parts of one ⁊ũV“„4 


jecting this laſt remains 2400, the value of the given Decimal is 
a hundred parts of an In ED, x L 


| hundredth part of an Inch divided into ten thouſand parts. So that 41, 2400 
** and 


41 h 


Fxamyte II. 


Suppoſe the aforeſaid Decimal, Gignify a decimal part of a Pound Sterling. 


Then 


5D 
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| Then ,7852, multiplied into 20, the Units, or 
»7852 | Shillings in the Integer or Pound, the Product 
20 the Shillingsin 1/7. 15,7040 is 15 Shillings, and 7070 remains; which 
| | being multiphed by 12, the Units in the next leſs 
15,7040 Integer, wiz. the Pence in a Shilling, the Product 


12 the Pence in 15. 8, 4480 is 8 Pence, and 4480 remains; and which 


being multiplied by 4, the Farthings in a Penny, 


8,4480 the Product is 1,7920, which is 1 Farthing, and 


the Farthings in 14. 7920 parts of a Farthing, the Farthing being divi- 
Na 420 into ten thouſand Parts. So the value of the De- 


1,7920 | cimal ,7852 part of one Pound W is 15 Shil- 


lings, 8 Pence, and 1 Farthing, rejecting the laſt 
remains 7920. Thus, a due regard being had to 


the number of Units, which are contained in the Denomination of the Integer, 


to which the decimal Parts belong, any propoſed number of a Decimal ma 
reduced or changed intothe known parts of what they repreſent. $2 


LECT. IX. The Extraction of the Square and Cube Roots 


IO extract the ſquare Root, is nothing more than to find the Side of a Ge- | 


ometrical Square, whoſe Area is equal to a given Number of Units, which 
are generally called a ſquare Number. A ſquare Number, is that which is pro- 
duced by any Number multiplied into itſelf : as for Example, 16 is a ſquare Num- 
ber, which is produced by 4 ONO into 4. So in like manner, 9 is a ſquare 
Number, produced by 3 multiplied into 3. The fide of a Geometrical Square, 
equal to any given Number, is called its Root. | 

In the Margin is a Table of ſquare Numbers, whoſe Roots are 
Ro. Squ. the nine Digits, and which being nothing more than a part of the 


4 


1 © OA 
9 
ON 


"Bos | | | ; | . ; des: 
Let 672 be a Root given to find its ſquare Number. 


1672 Rule. Multiply 672 into itſelf, as at I, 

m 672 | Whoſe Product is 451584, the ſquare Number 

— required, and whoſe Root is thus extracted, 

1344 vis. Firſt, place a Point under the firſt Figure 

4704 to the right hand as at c, and at every other 
4032 Figure towards the left, as at band a ; and ob- 
— — vd ſerve, that as many Points as the ſquare Num- 
451584 (672 ber contains, ſo many places of Figures the 
bs 4 5 Root will conſiſt of. Secondly, make a Crotch - 

36 et as at and y on the right hand fide of the 
1 n oy - Diviſion ;. and 
12.7) 91.5 firſt Reſolvend. note, that every two Figures ſo pointed, are 
7) 389 — . 
18 Table the neareſt ſquare Number that is con- 


324.2) 268.4 ſecond tained in the firſt Punctation to the left hand, 
34-2) 268 * VIZ. in 45, Which is 36, whoſe Root is 6. 
| Place 36 under 45, and its Root 6 in the Quo- 

tient, as at d, and ſubtracting 36 from 45, the 
remains is 9, which place under 36. This is 
| your 


— — 


O rem. 


1 Multiplication Table, it is ſuppoſed you have it already by Heart. 


tract 
calle 
thou; 


. Neve 


As 


1 


be had in the Reſo 


never can come at the Trut 


f 
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2 firſt Work, and is no more to be fepeated. Fourthly, bring down the next 
Punctation 15, and join it to the remains 9, making it 915, which is your firſt 
Reſolvend, and on its left fide make a Crotchet, as is done in Diviſion to ſe- 


parate the Diviſor from the Dividend. Fifthly, double the Root 6, it makes 
12, which place on the left of the Reſolvend, as at g. Then rejecting the laſt 


Figure 5 in the Reſolvend (which is always to be done) ſee how often the Divi- 


ſor 12 is contained in the remaining Figures 91, which being 7 times, therefore 
put 7 in the Quotient at e, and alſo on the right hand of the Diviſor at i;, and 
multiply 127, the Diviſor increaſed by 7, whoſe Product is 889, which place 
under 915, and being ſubtracted from it, the remains is 26. This being done, 
bring down the next Punctation 84, and join it to the remains 26, making it — 
which is a ſecond Reſolvend, and then proceed as before, as follows, viz. Firſt, 
double 67 the Root ſo far found, makes 134, which place on the left of the ſe- 
cond Reſolvend, as at h, and ſee how often 134 is contained inthe Reſolvend, the 
laft Figure excepted, wiz. in 268, which is two times. Set 2 in the Quotient at 
V, and on the right hand of that laſt Diviſor 134, making it 1342, which being 
multiplied by 2, the laſt Figure in the Quotient, its Product is 2684, which be- 
ing placed under the ſecond Reſolvend, and ſubtracted from it as before, o re- 
mains; which ſhews that 451584 is a ſquare Number, whoſe ſquare Root is 672, 


as required. 


Note, Firſt, when the ſquare Number contains 4 or more PunQations, as the 
remains are produced, the next Punctation is to be brought down, and joined to 
the remains for a third, &c. Reſolvend. ; with which you are to proceed in every 
reſpect, as before with the firſt and ſecond Reſolvend. Secondly, that if at any 
time, when you have multiplied the Number ſtanding in the place of the Diviſor, 
by the Figure laſt found in the Quotient or Root, the Product be greater than 

ie Reſolvend, then in ſuch a Cate, you are to put a Figure leſs by one, than 
the former, in the Quotient, and maktinly by it as before: and when the Re- 
mainder be greater than the Diviſor, put a Figure greater by one in your Quo- 
tient, and 3 by it as before. Thirdly, if at any time the Diviſor cannot 
| | vend, then place a Cypher in the Quotient, and alſo on the 
right hand of the Diviſor, and to the Reſolvend annex the next Punctation for a 
new Reſolvend, with which proceed as before. When it happens, that after Ex- 
traction is made, there is a Remainder, the Number given to be extracted, is 
called an irrational or ſurd Number, and its Root cannot be exactly obtained, al- 
though by adding Cyphers you may come as near the Truth as is required, but 
h itſelf. | | 

As for Example, tis required to extract the ſquare Root of 160. 
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| Firſt, The firſt Punctation being 1, thi 
ſquare of i is 1, which place under 1, and 


160 (12,64911 | 
3 | ſubtracting 1 from 1 remains o, ſet i in 


1m — | the Quotient, and to o, bring down the 
22 (060 firſt Reſclvend, next Punctation 60, making the remains 
44 is ©,060. Secondly, double the Quotient 

1 p—ab | 1, makes 2, which place for your Diviſor 
24.6) 1600 ſecond Reſolvend. at J. Now as 2 is contained 3 times in 6, 
„„ if you was to place 3 in the Quotient, 

144 | and 3 on the right hand of the Diviſor 2, 

252,4) 12400 third Reſolvend. as before taught, to make the Diviſor 23, 


ro096 then 23 multiplied by 3, would be equal 
ft oY e to 69, which is greater than 60 the firſt 


Lo 
2528,9) 3 fourth Reſolvend. Reſolvend, and therefore cannot be ſub- 


227601 tracted from it: therefore in this Caſe, as 
was beſore noted, place a Figure in the 


2 w —2 5 8 
25 298,1) 279900 fifth Reſolvend. Quotient leſs by 1 than the 3, wiz. 2, 
252981 


1 . viſor 2. as at m, and then multiply ing 
252982,1) 2691000 ſixth Reſolvend. the Diviſor 22, by 2 in the Quotient, 


2529821 the Product is 44, which being placed 


| under the firſt Reſolvend 60, and ſub- 
162079 rem. tracted from it, the remains is 16. Third- 
— Iv, to the remains 16, annex two Cy- 
phers, as at a6, making it 1600 for a 


fecond Reſolvend ; and then proceeding as hefore, the next Figure in the Quo- 


tient will be 6, and 124 remains, to which annex two Cyphers more, as at c 2, 


making the remains 124, 12400, which is your third Reſolvend. Proceed in like 


manner. by continually adding two Cyphers to each remainder, until you have 
encreaſed the Figures in the Gootient, to as many places as may be required. 
In this Example I have encreaſed them to 5 Places, which I apprehend to by 
near enough for any Buſineſs, for if Unity was divided into a hundred thouſan 

Parts, there would not be two Parts wanted ; 4 12,6491 1, being multiplied 


into itſelf, its Product is 59.3% 6879 which is very rear equal to 160, the 


given Number to be extracted, and as the Fraction d den is leſs than 
the Fraction, doo, therefore the Root is not two parts of one hundred thouſand 
arts of a Unit leſs than the Truth. Sr | | 
To extract the ſquare Root of a wulgar Fraction, which is cemmenſrrable to its 
Root; that is, a Fradtion which after that Extraction is ended, hath no remains. 
Rule. Extract the ſquare Root of the Numerator, for the Numerator of the 
Root, and alſo the ſquare Root of the Denominator, for the Denominator of 


the ſaid Root. 


Do extract the ſquare Root of a wulgar Fraction, whichis incommenſurable to its 


Root; that is, a Fraftion which after that Eætraction is ended, hath a remains. 


Nule. Reduce the given Fraction into a Decimal, and then extract its Root as 


before taught: or find the integral part of the Roct, to its Quadruple, and then 
adding Unity for the Denominator of the Fractional part, the Remainder being 
doubled, is the Numerator. So the Root of 160 in the foregoing Example, is 


12 38. 5 
| The Extraction of the Cube Root. 


A Cube Number, is that Number which is produced by multiplying any 


Number into itſelf, and iis Product again by the ſame Number. So 64 is a Cube 
Number, produced by 4 multiplied in 4, equal to 16, and 16 inta 4. «qual to 64. 
A Cube Number is a ſuppoſed 3 of matter, put together in the form 
of a Dice, as Figure V, Plate II. and the ength or meaſure of one ſide of ſuch a 


Body, is called its Root; therefore to extract che Cube Root of any given ** 


and the ſame on the right hand of the Di- 


in | 
fubtra 
and an 
with v 


eaſy, 
| 2 
makes 


often 
vend, 

$7551 
the fir 
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tal Number, is nothing more than to find the length of the fide of a Cube, which 
contains a tity equal to the Number given. | 

As in the ſquare Root, a Table of the Squares of the 9 Digits, is | 


of uſe for the ready finding the neareſt leſs Square in a Punctation, ſo Ro Cu, 


here a Table of the Cubick Numbers of the nine Digits, is of very 1 1 
great uſe for the immediate finding the neareſt leſs cubick number in 2 8 
. "pH and is therefore placed in the Margin, and which is thus 3 27 

e. | | 
Tu 8 be a Root given, te find its cubed Number. : * 
Multiply 8 into 8, its Product equal to 64 is the cube Number re- 6 * 
quired. This is alſo called, the cubing of a Number, as ſuppoſing 7 343 
8 had been a Number given to be cubed. | * 720 
Re 9 72 


[ 


| To extract the Cube Root. p 
Let 146363183, be a cubed Number given to find its Root. 
. Firſt, point the firſt Figure towards the | : 

right hand, and then every third Figure 4 & abe 
towards the left, as at fed. Secondly, 146363183 (527 
look in your Table of cubed Numbers, 125 
and find the neareſt leſs Cube Number to g — . 
146, the firſt Punctation, which is 125, 75) 21.3.63. firſt Re ſolvend. 
whoſe Root is 5. Place 5 in the Quo- 5 180 | 
tient at a, and 125 under 146, and ſub- i 60 F Subducends. 
tracting 125 from 146, the remains is 21, 4 8) 
This is your firſt work, and no more to ꝝ 1 
de done. Thirdly, to 21 the remains, 15608. Subtrahend. 
annex 363, the next Punctation, . 11 — wy 
21,21363, which is your firſt Reſolvend. 8113) 5755,1,83. ſecond Reſolvend. 
Now to find a. Diviſor, by which you are 1 $6784 


to divide this Reſolvend, its two laſt Fi- 1 7644 F Subducends, 
gures excepted, which are always to be 5 343 

rejected, proceed as follows, wiz. Firſt, 7 — — 

ſquare the Quotient 5, makes 25, which 375 5183 Subtrahend, * 
Triple make 75, which is the Diviſor re- - 

quired, as at g. Then fay, the 75's in | o rem. 

213, (the Figures remaining in the Re- 9 


ſolvend, excluſive of the two laſt rejecteg „ 
as aforeſaid) is 2 times, equal to i 50, which place under 213, as at +, and ſet 
2 in the votient at b. Secondly, treble 5, the firſt Figure of the Root, equal 
to 15, which multiply by 4. the Square of 2, the laſt Figure in the Quotlent 
makes 60, which place under 150, one place forward to the right hand, as at i; alſo 
cube 2, the laſt Figure of the Quotient equal to 8, which place under 60, one 
lace more to the right as at +. Then the three Subducends, 150, 60, and 8, 
ing added as they ſtand, their Sum make a Subtrahend 15608, which being 
ſubtracted from the firſt Reſolvend, there remains 5755; to which bring down 
and annex the next Punctation 183, making 5755183, Ge a ſecond Reſolvend, 
with which you are to proceed, as before ; but to make the Performance quite 
eaſy, I will explain this Repetition alſo; as follo vs. 
Fir, Find a Diviſor #s follows, vis. ſquare 52 the Quotient already found, 
makes 2704, which trebled makes 8112 the Diviſor fequired. Then ſay, how 
often 8112 in 57551, (for here as before the two laſt Figures 83, of the Reſol- 
vend, are to be rejected) anſwer 7 Times, equal to 56784, which place under 
57551, of the Reſolvend, and ſet 7 in the Quotient at c. Secondly, treble 52, 
the firſt and ſecond Figures of the Root, equal to 156, which multiply by 49 the 
Square of 7, the laſt Figure in the * makes 7644 which place Ks 
"JP; 7 56784, 


— << — 


* 
* * 


* 8 * 
— 
3 
» © 
, 


it 4 N or if it can be found, and yet there ſhould ariſe a 
folvend, in both theſe Caſes, a 1 muſt be put in the Quotient and an- 


| 534 144 1728 \ 425.625 15625 | 38144454652] 
& > 131169 2107 | [26 676 17570 3911521 $9319] | Thus 
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56784, one place more to the right hand as at =; alſo cube 7, the laſt Figure in 
the Quotient, _ to 343 which place under 7644, one place more to the right, 
as at p. Then the three Subducends 56784 at m, 7644 at , and 343 at 5, being 


. 
1 by 3 * - 3, 


added as they ſtand, their Sum make a Subtrahend, 5755183, which being ſub- 
tracted from 5755183, the ſecond Reſolvend, nothing remains; which ſhews that 


the given Number 146363183 is a cube Number, whoſe Root is 527 as required. 
Note. I. 4s many Punctations as any given Number contains, except 25 
many times is this Work to be repeated. | Cu pens 
II. That in all Extraions, when a Diviſor cannot be found fo geen as once in 
ubt 


rahend greater 


% 


than the 
zexed to the laſt Diviſor alſo, for a new 


iviſor ; and the next Pundtation bei 


| brought down and added to the laſt Reſolvend, makes à new Reſolvend, with which 


proceed in every Reſpect as before. | | | 
III. When Numbers remain after the laſt Subtrahend is ſubtracted from the 
laſt Reſolvend, which very often happen, ſuch are called irrational or ſurd Num- 


bers becauſe their Roots cannot be exactly diſcovered. But if to ſuch Remainder, 
you annex three Cyphers, continually, as you did two Cyphers in the ſquare Root, 


you may come very near to the truth, as was there ſhewn. 


To extract the Cube Root of a Vulgar Fraqtis which is commenſarable 1 its Root. 


Rule. Extract the Cube Root of the Namerator for the Numerator of the 
Root; and the Cube Root of the Denominator for the Denominator of the ſaid 
— ES FEED 
vd extract the Cube Root nearly, bf a Vulgar Fraction remaining, incommenſurable 
to its Root. 1 | 8 

Rule. The Integral Part of your Root being firſt found, as before taught, to 
the treble thereof add one, and that Sum added to the ſquare of the ſaid Root 


tripled, is a Denominator; to which the laſt remainder, after Extraction is fi- 


niſhed, is the Numerator. 


of Table of the Roots of all i ard cubed whole Numbers, from 1 to 50 
| — _ ealtulated by THOMAS LancLEy. 
R. Sq. Cube R. Sq. Cube R. Sq. Cube. R. Sq. Cube 
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yy 
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Thus have I given all the uſeful Rules in Vulgar and Decimal Arithmetick 
both in whole Numbers and in Fractions, which if well conſidered will be, not 
only very ſoon and eaſily underſtood, but vaſtly advantagious to every Work- 
man, in the Execution of his ns. And as a perfect Knowledge herein may 
be ſoon acquired by imploying the leizure Hours of Evenings when the Labour 
of the Day 1s over, I humbly conceive that every one who will ſo employ him» 
ſelf will find, not only a very agreeable Amuſement, but very great Hel in 
the Performance of his ſeveral Works, excluſive of the Reputation that will at- 
tend him alſo. But ſuch Perſons who will be ſo remiſs as to lay by this Work 
in their Cheſts, &c. without taking either Pains or Pleaſure herein, cannot ex- 
pect that advantage, which others will enjoy. 1 


__. 


—_ 
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| HE next Science in order after Arithmetick is GzxomeTry, the moſt er 
| cellent Knowledge in the World, as being the Baſis or Foundation of all 
rade, and on which all Arts depend. 5 
GSO Rx is ſpeculative and practical; the former demonſtrates the 
Properties of Lines, Angles and Figures; the latter teaches how to apply them 
to practice in Architefure, Trigonometry, Menſuration, Surveying, Mechanicks, 
Per ſpeive, Dialling, Aftronomy, Navigation, Fortification, &c. "This Art was 
| firſt invented by JaBAL the Son of LamecHx and Apbam by whom the fir 
Houſe with Stones and Trees was built. | 
JaBAL was alſo the firſt that wrote on this Subject, and which he pers 
formed, with his Brethren, JuBaL, TuBaL Cain, and Naaman, who to- 
gether wrote on two Columns the Arts of Geometry, Mufick, working in Braſs 
and Weaving, which were found (after the Flood of No aH) by Heamakring 
a deſcendant from Noah, who was afterwards called Hermes the Father of 
Wiſdom, and who taught thoſe Sciences to other Men. So that in a ſhort time 
the Science of Geometry became known to many, and even to thoſe of the higheſt 
Rank, for the mighty Nimrod King of Babylon underftood Geometry, and was 
not only a Maſon himſelf, but cauſed others to be taught Maſonry, many of 
whom he ſent to build the City of Ninive and other Cities in the Caf. ARA 
HAM was alſo a Geometer, and when he went into Egypt, he taught Ever 1D, 
the then moſt worthy Geometrician in the World, the Science of Geometry, 
to whom the whole World is now largely indebted for his unparallelled Elements 
of Geometry. Hiram, the chief Conducter of the Temple of Salomon, was alſo 
an excellent Geometer, as was GRECUus, a curious Maſon who worked at the 
Temple, and who afterwards taught the Science of Maſonry in France. | 
ExncLanD was entirely unacquainted with this noble Science, until the time of 
St. ALBAN, when Maſonry was then eſtabliſhed, and Geometry was taught to moſt 
Work men concerned in Building; but as ſoon after, this Kingdom was frequently 
invaded, and nothing but Troubles and Confuſion reign'd all the Land over, this 
noble Science was diſregarded until ATHELsTANn a worthy King of England 
ſuppreſ:'d thoſe Tumults, and brought the Land into Peace; when Geometry and 
Maſonry were re-eltabliſhed, and great Numbers of Abbys and other ſtately Buil- 
dings were erected in this Kingdom. Epwin the Son of ATHELsTAax was 
alſs a great lover of Geometry, and uſed to read Lectures thereof to Maſons. He 


alſo 


— CS. 
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alſo obtained from his Father a Charter to hold an Aſſembly, where they would 
within the Realm, once in every Year, and himſelf held the firſt at Tori, where 
he made Maſons ; ſo from hence it is, that Maſons to this Day have a g 
Meeting and Feaſt, once in every Year. Thus much by way of Introduction, to 
ſhety the, Uſe, and how much the Science of Geometty has been eſteemed by 
ſome of the 8 in the World, and which with regard to the Publick 
Good of my ounerys, have here explained, in the moſt plain and eaſy manner 
that I amable to do, and to which I proceed. | . 
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1 K CTURE I. Grometrical Definitiont. Plate I. 


HE Principles of Geometry, are Definitions, Axioms and Poſtulates, 
| Definitions are the Explication of ſuch Words and I erms which concern a 
Propoſition towards rendering it intelligible and eaſy to the Underſtand- 
ing, avoiding in Demonſtration all Difficulties and Objections. Axioms are ſuch 
evident Truths, as are not to be denied, as one and one are two, two and two 
are four, &c, Poſflulates are Demands, or Suppoſitions of things practicable, and 
the manner of doing them ſo eaſy, plain, and evident, that no Man of Senſe and 
udgment can deny, or conteſt them, ſuch as to draw a Line by the ſide of a Ru- 
er, from one given Point to anotber. a . 
UANTITY is conſidered in three different Manners, viz, Firſt, Length with- 
out Breadth, as an Interval or Diſtance between two Points. Secondly, Length 
with Breadth only, as a Shadow, &c. Thirdly, Length with Breadth and 
Thickneſs, or Depth, as a Brick, c. The Bounds or Limits of Quantig, are 
Points, Lines and Süperficies. : | . 50 
„ Po ix x, in the Practice of Geometry, is the ſmalleſt Object of 
1 Sight, that can be made, and which is ſuppoſed to have no geo- 
2 metrical Magnitude, capable of being divided to our Sight, and is 
made by the point of a Pin, Pen, Pencil, &c. as the point A. Plate . | 
Taz Varieties of Points, 1 A. Denominations _— ; 8 
by for Example, if a Point be aſſigned, in any certain Place, as the 
. Þ Of s Point 6, in the Line @ 4, tis called a given Point, from whence 
gi deut bind. the Line 6 c proceeds, or to which the Line 5 C is drawn from 
De OF; the end or Point c. Secondly, when two Lines cut a- croſs each o- 
— 3. * ther, as xc, yy, or eh, if, the Points æ and g, are called Points of 
bats * Iuſerſection; and when ſuch a Point happens to be in the Middle 
ter ſection. of a ſuperficial Figure, as g, tis called its Centre, or centra 
Def. 4. Of Point. Thirdly, when two Lines meet together, and ſtop in one 
an angular Point, as Im and #2 /, in the Point , ſuch a Point is called an 
Paint. angular Point. Foarthly, if two Lines touch one another, but 
80 do not cut a-croſs each other, as at B, the Point of touch B, is 
2.5. Of called the Pointof Contart. 


„ 


© "YL A THERE are many other kinds of Points, in the ſeveral Parts of 
—_— Mathematicks, which at preſent do not concern us ; as for Ex- 
ample, in V erſpective there are Points of Sight, Points of Diſtance, viſual Points, 
Sc. which will be better underſtood hereafter, when I come to explain the Prin- 
Tiples and Practice of that Art. | „ Linaio 1 A bs 
| | Wurd Quantities are conſidered as Len only, are 
4 5 of called r thoſe of Lengths with Breadths only. = called Su- 
Fier 0 290 _ _ thoſe of Lengths, Breadths, and Depths, are called 
: olds, or DOoates. . | 5 = 
lids. Tux kinds of Lines are three, wiz. a right Line; a curved Line; 
Minde of and a mixed Line. : | 
Lines. A 


wt 4 
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A x1GuT Line, is a Len 
Diſtance between two Points; but in Practice, tis a ſtreight Line, 


deſcribed by the motion of a Pen, Pencil, &c. drawn by the fide 


h without Breadth, as the neareſt 


63 


Def: 7. Of 


of a ſtreight Rule, wherein its viſible Breadth is not conſidered, as à d. 


 ACuxvep Ling, is any Line that is not a right Line, and 
therefore all crooked, arched, or bended Lines, are curved Lines. 
There are many kinds of curved Lines, namely, a circular or 


Def. 8. Of 


curved Lines. 


arched Line, as E, Fig. II. an Elliptical or ovallar Line, as 4}, or im/, a 
arabolical Line, as w z y, a hyperbolical Line, as 123, a Serpentine Line, as 


, a rampant, arched 
There are alſo many other kinds of Curves, as the 
Carve, 


urve, as F, and an irregular curved Line, as D. 
icyloid, Cycloid, Agebraicł 
arithmetical Curve, Cifſoid, Catenaria, Evolute Curve, Catacauſtick and 
Diacauflick Curves, Helicoid Parabola, or Parabolick Spiral, &c. 


But as they 


have no relation to the Buſineſs of Builders, for whom this Work is only deſigned, 


I ſhall forbear to ſay any thing of their Generation and Uſe. 
A erRcvuLAR or arched Line, is that. whoſe curvature. or 
bending is the ſame in every part, as Fc e, Fig. Il. 

An ovallar or elliptical Tine, is ſo called, as being a part of the 
Boundary of an Oval or Ellipſis, as : 5 7, and the Lines av y, and 
123, are called 8 and hy perbolical Lines, as, being the 
Boundaries of a Parabola, and of a Hyperbola. | 

A SERPENTINE Line, as A, is ſo called, from its being like 
the form of a Snake when *tis travelling along ; and the Spiral 
Line B, may be alſo called a Serpentine Line, as repreſenting a 
Snake when coyl'd The Artinatural Line C, is fo called 
from its being an artificial Repreſentation of the natural Turnin 
and Windings of Brooks, Rivers, &c. The rampant Curve F, is 
called ſo from its riſing higher on the one ſide than on the other. 
And laſtly, the Curve D, is called irregular, as not having any of 
its oppoſite parts equal. The circular Lines uſedin Architecture, 
are either ſingle or compound, as in Fig. III. The Mouldings 
compoſed of fingle Curves, are the Ovolo A, the Cavetto B, the 
Apophyges E, 
Fillet N, and the I. The compound Curves are 
ma Inverſa D, the Scotia F, and the Volute K. | 

A wixep Line, is both right and curved, as Fed ch a, Fig. IV. 
being compounded of the right Lines Fe, dc, ab, and of the 
two curved Lines d e and 6c. Lines are diſtinguiſhed into finite, 
and infinite, alſo into apparent and occult. : 

A yinirTe Line, is a known Length, bounded by two known 
Points, as the Line g b, Eg. IV. and therefore all Lines of known 
Lengths, are finite Lines. 5 e f 

A infinite Line, is that, whoſe Length is undetermined, or 
cannot be known, as the Diameter of the Univerſe, Qc. | 

An apparent-Line, is a Line deſcribed by the Point of a Pen, 
Pencil, Sc. as g , Fig. IV. 5 | 
An occult Line, is drawn or defcribed with the Point of a pair 
of Compaſſes, and in Practice is always expreſſed by Points, as 
# K, and therefore is made generally a dotted or pricked Line. 

Lines have their particular Denominations, according to their 
different Pofitions and Properties, as following. Firft, If a 
right Line as , Fig. IV.ſtand on a Line, as on 6 o, ſo as not to 
incline either to the right Hand or to the left, it is then called a 
perpendicular Line, and the Line 6 o being firit made, is called a 
given Line, Second!y, If Line be level with equal Inclination on 


- = 


Def. 9. Of 
a circular. or 
arched Line. 
Def. 10. Of 
an elliptical 


parabolical, 


and byperbo- 


lical Line. 


| Reaſons avhy 


the Serpen- 
tine Spiral, 
artinatural, 
rampant, and 
irregular 
Lines, are 
fo called. 


e ſingle Aſtragal G, the double A the Flute M, = 
ima-refta C, the Ci- 


Def. 11. Of 


a mixed Line. 


Def. 12. Of 
a finite Line. 
Def. 13. Of 
an infinite 
Line. 
Def. 14 Of. 
an apparent 
Line. 

Def. 15. Of 
en occult 
Lone, © 
Def. 16. 7 
a per pendlicu- 
lar Line, 
Def. 17. Of 


a given Line. 


both 
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Line. 


Def. 19. 
an 3 


Line. 


Def. 20. Of 
| parallel | 


L 


ines. 


„ 
eoncentrick 
Arches. 
* Def. 22. Of 
' excentrick 
0 _ | 
Def. 23. © 
the C 3 
ference 0 
Seele . 
Ellipſes. 
D 24. Of 
the fides of 
theright lined 
Figuren. 
"Def. '$e. Of 
a baſe Line. 
Def. 26. Of 
a Diameter, 
Radius, and 
Semidiame- 


rer. 


Def. 27. Of 
a diagonal 
' Line. 
Def. 28. Of. 
tranſverſe 
and conjugate 
Diameters. 


Line 


Def. 31. Of 
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Def. 18. Of both fides, as 7 4, "ts called a horizontal Line: Dy, Ic 
-@ horizontal 0 . 


right Line be ſo ſituated, as to be neither perpendicular or hori- 
zontal, as the Line æ x, ſuch a Line is called an oblique Line. 
And here note, that one Line may be perpendicular to another 
Line, altho' it may not be perpendicular to a horizontal Line: 
So K I is a perpendicular to the oblique Line FE. A, Plumb 
Line is a direct downright Line, as G H, which is always Perpen- 
dicular to a horizontal Line. Fourthiy, If two right Lines are at 
an equal diſtance from each other, as rr and 3, they are called 
Parallel Lines, and which being infinitely continued, would never 
meet. Fifthly, If two circular Lines, are at equal diſtances from 
each other, as ? and a, they are called concentrick Arches, as be- 
ing both deſcribed on the ſame Center. Sixthly, If two circular 
Lines have two different Centers, as the circular Lines av x, they 
are called excentrick Arches, as being deſcribed on different Cen- 
ters. Seventh, The curved Line that bounds a Circle, Ellipſig, 
or Oval, is called the Circumference ; and by ſome, the Perime- 
ter, or Periphery, as b c dg. Fig. V. But the boundary Lines of 
all right-lined Figures, as of ABC, are called Sides, excepti 
when at any time, ſuch Figures are placed upright, ſo as to ft 

on their Sides, and then the lower fide of every fach Figure, is call- 
ed its Baſe : therefore that Line on which a Figure ſtands, is a 
baſe Line. Fighthly, A right Line drawn through the Center ofa 
Circle, as 5 d, Fig. V. is called a Diameter; and one half of ſuch 
a Diameter, as b a, or ad, is called the Radius, or Semidiameter. 
Ninthly, If ſquare Figures, as A or C, Fig. V. have right Lines 
drawn through their Centers, and are parallel to their Sides or 
Ends, as #4, in A, and mm in C, they are alſo called the Diame- 
ters of thoſe Figures: but all right Ines drawn from ons oppo- 
ſite Angle to the other, as o in A, and n in C, are called diago- 
nal Lines. The like is alſo to be obſerved in regular Figures, con- 
ſiſting of more Sides than four, as B, where p p is the Diameter, 
and 2 q the Diagonal. In all Figures that are not ſquare, as C, 
the longeſt Diameter, as //, is called the tranſverſe, and the ſhort- 
eſt as mm, the conjugate 8 and which is alſo to be ob- 
ſerved in the Diameters of an Oval, and of an Ellipſis, as in D. 
Every right Line drawp through any part of a Circle, as ef, Egg. 
V. it is called a Subtenſe, Ordinate, or Chord Line; as alſo is a 
Line which joins the two Extremes of an Arch, as xx; andifa 
right Line be drawn ſo as to touch a Figure, without cutting into 


it, be the point of Contact either at a fide, or at an Angle, ash;, 


in g, and 2. tis called a tangent Line. 

Tas ſecond kind of Quantity, namely Superficies, is a Surface 
of whatever has Length and Breadth, without Depth or Thick- 
neſs, (as by Def. 6.) and is of three kinds, vis. Firſt, Exactly flat, 


the kinds of as the Surface of a Table. Secondly, Convex, as the outſide of a 


Super ficies. 


Ball. Thirdly, Concave, as the Inſide of a Bowl. 


SUPERFICIES are bounded by one or more Lines, and from thence it is, that 


De,. 32. Of 


4 e Circle. 


Def. 33. Of 
a Semicircle. 

Def. 34. Of 
@ Quadrant. 


they receive their various Names, by which they are known; as, 
firſt if a Superficies begþounded by one curved Line that is regular 
in all its Parts as A, Fig. VI. *tis called a Circle. 

Every half part of a Circle as D, is called a Semicircle which 
is bounded by the Diameter and one half of the Circumference of 
a whole Circle. A Quadrant as H, is a Figure bounded by two 
Semidiameters, (called the Sides) and one quarter part of the Cir- 
cumference, called the Limb. 8 1 


Of GEOMETRY. 


diſtinguiſhed the one from the other, 
c the leſſer Segment, and « 4b the greater; and 

I exo Lines as 4, bs, in C, aredrawn from the Center of any 
_ Cirdle unto its Circumference, and : y divide the whole into 
two uncqual Parts, the Partieſs than a Semicircle, as 47 b, is called 


a right Lineas a6, 
eginent, and which ate | 
by Tranter, and lefſers To. . Ciel. 


65 


2555. Of 


the . Segment 


| Def. 36. Of 
2 Sector. ; 


a Sector, and the remaiaing Part, þ47 i, is called the Complement of the Sector, 


and by ſome the great Sector. 


Now. fince by this Definition, a Sector is a part of a Cirde which is leſs than a 


t is a Sectur alſo, 


as being but half a Semicircle. 


Tus Parts of an , or Hlipſis, are denominated in the ſame manner as 


che Parts of a Circle. So the Figures B and C, fig. VII. are both 


Sema-Ellipſes, equal to each other; that of B, being on the Tranſ- 
verſe, and that of C, on the conjugate Diameter. And as ev 
right Line &rawn through the Center of a Circle, doth divide the 
Superficies thereof into two equal Parts, ſo likewiſe every right 
Line drawa through the Center of an Etliplis, does the ſame. So ce, 


divides the Ellipſis c xe in two equal parts, as alſo doth either of 


the Lines ax x, or #4. The Segments of an Ellipſis are either re- 
gular as dc ö, and km ji, or rampant as a#mi; and the Lines bd, 
or 4 are called Ordinates, that of 4i being an Ordinate on the 
Tranſverſe Diameter and that of 34 on e Diameter. 
The Sector of an Ellipfis or of an Oval, as in A Fig. VII. is the 
"ſame, as in a Circle, as likewiſe is the Complement f. 

| Now from hence you ſee, that Circles, Grals and Ellipſes, are 
the only regular gu | 


* 


The Parts 
of an Ellig- 


Ty fs have the 


Same Deno- 
mination as 
the Parts of 
a Circle. 
Def. 237. 0 
40, lrath, 


of an Ellipfis. 
o 
Sector © 
an Ellipſis. 


ficies that are bounded by one Line, and that all regular 


2 1 on Lines only, are no other than their Segments, either 
as co, 


the Segment 2 
Fig. VII. whic is no more than two Segments, appli 
a c being common to both) and is called an Oxe Eye. 
TRIANGLES have their different Dentminations, as being of dif- 
| ferent Forms. wix. (i) If a Triangle have all its ſides equal as 
G, Fig. VI. 'tis called an Equilateral Triangle. (2) If two 
Siges are equal, and the third unequal as E, tis called an Iſoſceles 
Triangle. (3) If all che Sides are unequal as F, tis called a Sca- 
lene Triangle. Triangles are alſo diſtinguiſh'd by the Quantity of 
their A 3. but this I ſhall refer, until 1 have inſtructed you in 
the Nature and kinds of Angles. 

AL Triangles, whoſe are Arches of Circles, are called 
ſpherical Triangles, as N P Q. Fig. VII. And when Triangles are 
compoſed both of right lines, and circular lines, asORS, and V, 
they are called mixt Triangles, with one, or two convex, or concave 
Sides ; as for Example. (1) The Triangle O, hath two Sides that are 
right lines, and chethirdthat is a Concave Arch. (2) The Triangles 
R and'S, have each but one Side that is a right line, and the o- 


in B, Nr. VI. or compound, as @bcand adcin H 


plied together, (the Line 


Def. 38. Of 
an Eguilate- 
ral Jſoſceles, 
and Scales 
nous, Tri- - 
angle. 


Def. 39. Of 
4 Spherical 
Triangle. 

Def. 40. Of 
mixt Tri- 
ang les. 


thers are Arches of Circles, of which, thoſe of the Triangle R are convex, as be- 
ing and thoſe of S. are concave, as being hollow outward. (3) 


Tze Trian 
which are circular are one convex, and the other concave. 

Evzar Triangle contained under three equal Sides, be 
they right-lined, circular, or mixt, is called an Equilateral .Tri- 
angle, and fo the like of 1ſoſceles and Scalenous Triangles ; and to 
ditinguiſh right-lined Triangles from ſpherical and mixt Triangles, 
they are in general called Plain Triangles. | 


V, hath alſo but one Side that is a right Line, but the other two 


Def. 41. Of 
Plain Tri- 
angles. 


R | CUPERFICLES 
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66 __Of GEOMETRY. 
Hour f Surzxrieizs bounded by four right Lines are the geometfical 


. 8 Square F; Fig. VII. the Parallelogram G; the Rhombus I, the 
_— Rhomboides K. 


the Trapezoid L, and the Trapezium M. N 


Def. 42. Of Taz GEOMETRICAL Square F, is ſo called, becauſe all its 


, Sides are equal and ſquare to each other, and the Parallelogram 
| Egrometrica! receives its name from its oppoſite Sides and Ends being parallel 


arallelo- - | 
Ol. with regard to its being longer than wide. 
gone. Tux RhomBus I, is nothing more than a ical Square 


Def 43- Of puſh'd out of its natural ſquare Form into any other: for — 1 


and Rhom- I, have each a moveable Joint at the ſeveral Angles. If the Angle 4 
| boides.. be-puſhed to c, the Angle a will be moved to6, and the fide de 
8 will be removed to ce, the fide a f to %, and the ſide 4 A to c. 
The ſame is alſo to be underſtood of the Rhomboid, which is nothing more than 
2 1 whoſe ends are puſhed out of their ſquare Poſitions into 
oblique Poſitions. | 
=> of A TzRAPEzZo1D is a figure eee, e e pe 
75 3 parallel, and the other two are not, as Figure L. | 
by 2 0 ATaarEgZzIuu is a Figure containing four unequal fides, of 
aT, 75 4 „ which no two of them are parallel. F | 8 
546 Of „ Kreul ar Superficies bounded by five or more Sides are called 
P 55 7 Polygons, or Polygonals, or Multilaterals, (that is, many Sides) as 
_— 7 Fe Bo Ys 10, 11, 12, Sc. and which take their Names from 
umber of their Sides, — 1 


a Rhombus the Angles dae f of the Fame at th Square 4a ef, in the Rhombus 


r Pentagen 
Six | Hexagon * 
Seven 4 ze | Septagon or Heptagon | 
| fo a Sides, is 8 "7 Sons are EX- 
| Plain Figured MEM \ called a Obtogon +  Lhibited in 
confilting of Ten | gular Deca — | I Plate II. 
I Fleven | Undecagon | 
L Twelve } Duodecagon | 


Def. 47. Of FEicurts which have the fame Number of Sides and are un- 


| 47 irregular equal, are called irregular Plain Figures, conſiſting of 5, 6, 7, 8, &c. 


P.ain Figure. Sides, as the 2 > gt under the Octagon in Plate II. 

Def. 48. Of Alt Figures bounded with right Lines and curved or mixt 
an irregular Lines, are called mix tilineal Figures, which are either irregular or 
compound regular; that is to ſay, if an irzegular Figure have ſome of its 
Figure. sides curved, and ſome that are right Lines unequal, it is called 


a regular compoſed of equal right · lined Sides and of equal arched Sides, they 
rempound are called compound regular Figures. | 
Figare. Wurn Figures have Voids or Imperfections in their Superficies, 


ef. 50. Of they are called imperfe& Figures, ſuch as A B Plate II. wherein 
Inperfect Fi- the dark or ſhaded parts repreſent the Superficies, and the light 


gares, Cen- parts the Deficiencies, Voids, or Im ions thereof, and which 
centrick and are differently diſtinguiſhed, asthoſe of A and B; having their Voids, 
Excentrick. or defective Parts, bounded by Lines deſcribed on the ſame Cen- 
ters, are called Concentrick Figures or Superſicies: and that of the 

Lunula, whoſe Void is bounded with Circles deſcribed upon different Centers is 
called an Excentrick Figure or Superficies ; vide Definitions XXI, and XXII. 
The imperfect Figures B and the Square on the left of the Lunula are alſo to be. 
Conſidered in the ſame manner, as A and the Lznz/a, notwithſtanding that tbeir 
Voids are bounded with parallel, right Lines. For as the Center of the Void in 
B. is the ſame as that of the Superficies which bounds it, the whole is therefore 
a concentriek Figure, for the ſame reaſon as is Figure A. And ſo in like man- 
| | | ner 


to each other. The Paralle is alſo called a long Square or 


49: Of a compound irregular mixtilineal Figure; but when a Figure is 


E's. pO2 


Fro: 


2 
2 


3 5s FF. 253 Fir. E 


3 as the Center of the Voids, in the Square, is not in che fame Points as. the 
Fr: of the ſhaded Superficies ; that is alſo an Excentrick Figure, as the 
To theſe imperfe& Figures I muſt add Fig. C. which is a Parallelogram di- 
in the point =. | 1 | | 

Now if any three af thoſe four Parallelograms as » d. b, and Def. 51. Of 
1a, be taken t er, and conſidered as one Figure, tis called a a Gnomor. . 
Gnomon; but if the four Parallelograms are confidered ſeparately, - 


then the Parallelograms = l, and u c, are called Parallelograms deſcribed-about 


the Diagonal bc, and the other two Parallelograms a», and d, are the two 
Supplements thereof, and which are always equal to one another, as will be here- 
＋ marc 5 — S . 
As ſu i are bou y one or more Lines, ſo So- 82 
lids or Bodies are bounded by one or more Superficies; as uy, 2. — 
for Example, a Brick is a Solid, bounded with fix Surfaces, that Solids or 
are all Parallelograms, wiz. the upper and the under, the two Bodies. 

| Sides, and both ads. 

Tu Number of entire Solids are principally twenty, wiz. a The ' Number 
Sphere, a Spheroid, a Cylinder, a Cone, a Conoid, a Spindle, a and Names 
Tetrahedron, a Pyramid, a Pyzamis, a Pyramidoid, a Conedoid, a of Solids. 
Cylindroid, a Priſm, a Hexahedron or Cube, a Parallelopipedon, 
— a Dodecahedron, an Icoſahedron, the twelve, and the thirty 

ombus's. 7 
Ax entire geometrical Solid is a Body from whiq; no part has Def. 53.0 
been taken, and therefore the remains of a Boch —— part an AT. * 
thereof is taken away, is called a Fuſſum, as the Fruſtum of a Solid. 
Sphere, or of a Cone, &c. N p 

A SeHERE, is a round Body, bounded by one convex Superficies, the Fruſſum 
whoſe parts are all at the ſame diſtance from the central point of of a Sphere. 
the Solid; and is commonly called a Ball, as R, Plate II. Def. 55.0f 
.. A Sen RR, is a round ſolid Body bounded by one convex Su- à Spbere. 
perficies, alſo, but its curvature is not the ſame in every part over Def. 56 Of 
its Center as the Curvature of the Sphere; becauſe. its Length is a Spheroid.. 
greater than its greateſt thickneſs, and therefore, it is what may be | 
properly called an Ovallar Solid, if we conſider the Sphere as. a Circular Solid; 
; bs C. Plare Il. FOI IE, 8 | 

A CYLinDER is a long and round Body of equal thickneſs, 77 67. Of 
as a Garden rowling Stone, or the lowermoſt third. part of the a Cylinder 
. ſhaft of a Column, as X, Plate II. and is bounded by three Super- 
Kies, of which one is convex, and two are plane or flat, and whoſe Figures 
upon the manner of the Cylinder being cut at each end; that is to ſay, (1) if the 
ends of the Cylinder, be both cut ſquare to.its length, as X, then the $uperficies 
of the two ends are both Circles (which, are equal to each other, becauſe the Cy- 
linder is of equal thickneſs) and the convex Superficies is no more than a Paral- 
lelogram whoſe length is equal tothe length of the Cylinder, and breadth to its 
© -Cireamference, being dence about the ſame. (2) If a Cylinder as D, (on the 

Tight, hand fide of the Plate) have. its ends cut obliquely and pa- » of. 58. Of 

rallel to each other, the ſuperficial Figure of each end will, be an ,,_%* 5." 
Ellipſis, and che convex Superſjcies wall be a double Rhomboides. % ds of Su- 
(3). If a Cylinder as E, haue its ends cut obliquely, and not paral- erficies tha 
lel to each other, they. will be both Ellpſes, but unequal, (as 3% © 4 
not being parallel, which cauſes the tranſverſe Diameter to be Hague 74 1 
longer in the one than in the other) and the convex Superſicies ya 18 

will be an irregular Hexagon; a Demonſtration of which you wall my PTY 
ſee in the Mlenſuration of Solids and Superficies. I 
| x . 
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vided into four Parallelograms, that meet all together on the Diagonal Line 


TR OY 


ELIE, 


** =» 5 
4 1 
< * * 
*4 * 
1 
a 
{ o 
- ' 4 
1 3 
* 
5 4 © 
17 ' 
„ & 
| f 
We 
* * 
Ig 
WE 
1 
=_- 1 i 
1 
% 
3 
N i 
A : 4 
: . ö 
19 
* . v , 
N 3 
, 8 
* by . v4 
1 5 
* is 
94h 
3 l 
: 
4 
6 
; 9 [iz 
. 
4 
1 8 
1 
4 
1 
" - 
; . > 
FRB; 
2 
N 
* 
1. 
Ct 
2 * 
1 
21 
N 7 
F 
: 2 
* * 
1 * 
» = 
- * > 
4 A 
n "3 
% LU 
| 
A $5 
< 1 id 
} 
193 * 
1 
I | 
* 
7 RA 
" * 
* 
A 
Ko a 
a 
1 
; 17 
1 
E 48 
0 & 
* 
4 
+ 
31 
: . 
, 3 
2 * 
© 
* N 
- * 
: = . 
1 
N * 
* 
1 
: ”_ 
3:78 
1 
0 N 7 
p . 
-off 
» = 
1 
F Fs: 
N 
1 
„ 1 
i 
5 * 
. , 
7 i 
"Fa 
4 E 
- » 2 
1 
5 
a 0 
* 8 
"I 14 
: Yd 
: ' 
A A 
p = 
n 1 
4 7 
x 4 
1 * 
5 
* - 
* j 
— 8 
1 
Z * 
1 
r 4 Q 
. 
+ 3 
. 
A 
EY | A 
x : 
22 % 
*y 4 
** 2 
1 0 
. 2 
1 
-, 5 
a 2 
95 , 
- 
K * 
Fy © 
1 
N . 
1 
4 d 
— 7 4 
£ I 
* 
9}: To 
* 4 
7 : 
* * — 
1 
* * 
% 
4 4 2 
2 
* 
7 
4 5 
bY q 
-* PIY 
- Li 
16 
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Def. «9- Of A Cons is # round Sdlid; which riſes either from a Circle or 
a Cone, 


Bottom be cat obliquely to its Axis, as G, en the tight und fide of the Plats; 
it bs "ad eat Nadi 2 : 


| 45 the 
Cone doth when the outward Curve is of a Circle or an Ellipfis, as B L, ot 


* a 


9 * 
rr 5 ater agree ys, oo or es * 2 — — 


+ 3 * — — 
—— — ——˖ *˙— F 4s" 


fore two ſuch, being equal and applied together as B, will form t hic 
called a Spindle. And as the outward Curve may be either a Hyperbola, or a 


. 3h 6 nt A EG ENIE re ONE was 


— Fe 
0 * * © 4 
A . J ** N N ent "BI * 4 


an Ellipſis, with a gradual and equal Pimination ustil ie termi- 
nates or ends in a *. wh as Fig. T, on the left Side of Plate H. and 


therefore is b6anded by two Superficies, of which, . that of the ontſice is 


convex, and that of its end, or bott6m, is a cittulay or elliptical Plane. In every 
Def. 60 Of Cone there is an imaginary Line ſuppoſed to be drawn from its top or 
the Fertes Vertical point, unto the central Point of its Rate, which is called the 
and Axis of Axis of the Cone, and which is fo called becauſe it 2 ditecrly 

0 through the middle of the Solid, and on which, the Body 
: be made to revolve or turn abott, i that every fe 


4 


js 6- 


quidiſtant therefrom. The ſume is ao to de underſtood of 4 the Axis of the 
i e R, alſo of ee, in the Sphertid 8, and 6f all ether regular 80e. Now 


when a Cone hath its Bottom cut ſquare to its Axis, as T, tis culed 


— 
Cone. And its Bottom, whith is called its Baſe, with bs 4 Eirele. 


But if its 


ed an oblique Coe, arid its Baſe will be ar Bllipfs,  - 
DEG. Of | , * Gdno1wh CRORE” nne 


. 


et me as a Cone, and takes its riſe from a Circle alf{6 5 but as the fide 
: of a Cone ere this of a Comoid 
is either the Serhicurve of a Pars 


or of # Hyperbola, or the Segment of a Cir- 
cle, or an Ellipſis ; and therefore terminates at its Vertex either in & point, a 


with à cutved Top, like unto a Sugar- Leaf as A, when 4 Semi- Purabola, or demi- 


Hyperbola. . i hrs 922 
Def. 62. Of, A SFINDLE- is a Sold, thus fo be conceived ; aginB, 
Piaklis to be the Diameter of a Circle, on which a Semi-Spindle is to he raifed, - 

e whoſe Axis is 4, alſo ſuppoſe the Curve à d to be the Setnicarve of 


and Hyperho- | a Parabola ; now if from eve t of the Circemiference of & 
lick Spindle. Circle, of which ag is the Biber, a Solid be raiſed with-a Cur- 
vature equal to the Serhi-Parabola 4 4, that Solid will be a — 091 and there- 

Solid Which id 


Parabola, therefore a Spindle may be Hyperbolical or Parabolical. 


Def. 63. Of a A TerTtanevion, is triangulat Solid, Which riſes from an 


equilateral Triangular Bafe, with a gradual and Dimi- 
Tetrahedron. | £60; until it tefminates im a Point, & a Cohe doth, which Point 


as BF, onthe left hand fide of the Plate. | : 

Def. 64. 97 A PyrkAMuip is à Solid, which riſes from a Geometrical Square, 
2 Fyramid. quilateral Triangle) and terminates in a vertical Point alſo. This 
Solid hath its Heipht at pleaſute, and is bounded by four Equilaterals or Ifoſceles 


is alſo called its Vertex. This Solid is terminated by four equilateral Triangles, 


Triangles on its Sides, and 4 geometrical Square at its Baſe, as Fig. V. 


Def 6g. Of A Priawts is the ſame Solid #s a Pyramid, only with this Dif- 
7. 5. ference, that whereas a Pyramid ftands on a geometrical Square, 
@ ant. and has but four Sides, which are all equilateral, or Iſoſceles Tri- 


angles; a Pyramis has ſome regular Polygon, as a Pentagon, Hexagon, &e. for 


its Baſe, with five, fix, Cc. Sides, which are all Triangles, as in a Pyramid, and 
meet in a vertical Point alfo. 3 | 


| angule geometrical Square, or ſome regular Polygon, and Sides are 
Frame the Curve of a Circle, Ellipfis, Parabola, or Hyperbola, as 


Dy 66. Of APrranrdord, is a pyramental Solid, whoſe Bottom is a tri- | 
a Pframi 
doid 


Fig. IV. | | a | 
Hef 67. Of 4 CrLi1nprOND is a Solid, ſomething like B I, the Fruſtum of 
ef. 2 . A Cone, but with this diſſerence, that as the Fruſtum of a Cone is 
a Cylindroid. terminated at its ends either with two Circles, if cut 1 * to its 
Axis, or with two Ellipſes, if cut oblique, or with a Circle and an Ellipfis, if 


cone 


with a gradual Dintinution, (as the Tetrahedron riſes from an e- 


3 
2 


| 215 


Of GEOMETRY. 69 


one End be cat ſquate, aud the other oblique, the ends of the Cylindroid are 
both cut ſquare- to its. Axis 3 but the one is an Ellipſis, and the other a Circle, 
as EN C. ar the top on the right hand. e 5 

Tut next kind of Solids in order, are Prifms. ; 

A Pzrsw is 4 ſolid Body, of equal thickneſs as a Cylinder 


bes as a Cylinder is round, and its Length is thereby bonded by one 9. ü. M 


Superficies only; fo a Priſm is bounded by thres, five, fix, or more 7 baren 
Parallelograms, and its ends are either Triangles, geometrical 
uares, Trapeziums, or ſome kind of Polygon, as a Pentagon, 
9. &c. 80 BCis a triangular Priſm, bounded! by two Friangles, at its 
ends, and three Parallelogramo ori its fides. B A is a Trapesium Pfiſm, bounded 
by two Trapezinms af its ende, and four Paralleldgrams on its ſides. B E, is a 
Priſm, bounded by two Pentagons at its ends, and five Parallelo- 
o its des. And laſtly, N D is a hexangulor Priſm, Bounded by two 

at its ends, and fix lelograms on its fides. OR 
It is alſo to be noted, that if the aſoreſaid Priſms have their ends cut oblique 
to their ſides, that then their Sides will be either Trapezoids or Rhomboids, and 


their ends will be changed into different kinds of Triangles, Paraltelograms, and 


uns ahedron, is an exact ſquare regular Solid, 

h UBE or Hexahedron, is an uare r Solid, (as 4 „ | 
Dice) and is bounded by fx equal gromwerical Squares * V. EET 
- , A PAxXALLELOPIPEDON, is allo called a long Cube, and by Cube 

ſome a Prifm ; but as its ends, as well as its fides, are dounded Her „ 0 
by Parallelograms, which are never more nor leis than fix in num- 1 2 7 2 
ber, = Fig. , it is therefore with reſpect to its Surfaces being all > | 
Parallelograms, properly a Parallelopipedod. | PA. 

An n Solid, bounded by eight equila- Def. 21. Of 
teral Triangles, and is com n Pyramids, having 4, O nahe 
their Bottoms applied » ſo as to but one Solid in the ©,” 4 
whole, as Fig. P. Plate IT. | 


dron. 


Pentagons, as Fig. O, Plate II. a Dodecahe- 
Aw Icosantvron, is a regular Solid alſo, and is bounded by 4% 0 
twenty equilateral Triangles, as Fig. Q. Plate II.— The twelve 77:73 1/4 
Rhombs, and the thirty Rhombs, are Solids, bounded by as ma- | 


et they are not regular Solids. . 
L Tas regular Bodies, are the Tetrahedon. the Hexahedron or _ 8 
Cube, the Oftahedron, the Dodecahedron, and the Icoſahedron, 2 , 
which being the only Bodies that can be inſcribed within a Sphere, . lar Je- 

A Bopy is fad to be inſcribed, when being incloſed within an- 5. *9/ 
other Body, every of its folid Angles terminate at the Supet- 74. A 
ficies thereof ; and that Body which contains the inſcribed Body, f 91 
is called the circumſcribing ; | | | | 4 ns ape” 
| AsoL1D Angle, is the meeting together of three or more right- Baltes. 
lined Superficies. | Def . Of 

AFrvusTuM, as in Def. 54, is the remains of a Body, when a 775755 7 
part is taken away ; ſo if from the Sphere BG, the part A be ta- 72 1 

1 away. the part B G remaining, is the Fruſtum of a Sphere; e 
and if from the Spheroid B N, the part A be taken away, the 5. 74 oy 
part BN is the Fruſtum of a Spheroid ; and ſo the ſame of B I, 25 r 
and B K. which are the Fruſtums of a Cone, and of a Pyramid, . 
when the top parts D and A are taken from them. Fruſtums of Plain d. 
Bodies are cut obliquely, and that not only at their upper, but alſo at their under 
Parts, as HIK LM, and are then called oblique Fruſtums. When a part 
is taken from the bottom of a Pyramid, or of a Cone, as the parts a and x, in 


A Dopecanrepron, is a regular Solid, bounded by twelve Def. 72. Of . 


ny Rhombus's, but tho' they have a Uniformity in themſelves, The 12 and. 


dS ˙—¹1T . ̃ , * - 
BY RN W * * 2 e — * — — 


> of GEOMETRY. 


F and G, then the remaining upp I conſidered ſeparately, become 
| owe Dif: 2 fide 


entire Bodies with obli t if they are conſidered with 


aa they are no more than the greater Seg- 


32 ments; and the Parts @ and x are the leſſer ents, which to- 
55 OE gether do but complete the two Solids; and when the upper Parts 
are. as entire oblique Bodies, and the Parts @ and x. are. 


%% of Froftums, whoſe Axis is equal to their perpendicular Height. 


A 2 every ſquare Face of the Cube, an Octagon, then the remains will 
of s Cube be the ten of a Cube, contained under fourteen. Superficies 
The F fou or Faces, of which eight will be equilateral 'Triangles,. and fix. 
2 erm will be Octagons. If the ſolid Angles of a Tetrahedron, be ſo taken 
. ie off, as to each of its equilateral. tziangular Faces, a Hexa- 
y on, the remains will be the Fruſtum. of a Tetrahedron, bounded - 
| by 6ghtSapericis of which four will he equilateral Triangles, and four will be 
gons. | 0 | | 5, | 
I mention theſe Fruſtums, only to give a. Hint, that by this method of cutting 
— wm ER there may be a very great variety of uncommon 
The Shaft Tun Rody or Shaft of a Column, is compoſed of two kinds of 
2 Solids, that is-tq, ſay, the lower one third partof itz whole Heighn, 


4 Column, is f : * : 
2 Cylinder, 5 B, 7 a Cy , and R, the remainder, is the F 


and  Fruftum 3 of a Solid; is a ſuperficial Figure, produced by 


Lf . C cutting off a Solid, diredily through, in any part ſo if from a 
75. Seftion 7 _ a Segment was to be cut, the flat Surface, or Superficies 
Solid that Cut, which is a Circle, is called its Section. And in 
3 like manner, if any Cone be cut quite thro* its Axis, from the. 
top to its bottom, the flat Superficies of that Section, will be a Triangle. 
Def | Of Tur Baſe of an upright Line, is a Point. | | 
1 % „ Ius Baſeofa Circle is a Point alſo, as the Point g, of the Cir- 
rhe Baſe of © le E. (Fig. V. Plate I.) flanding on the tangent Line & f. which 
Def. 8 of by its Curyature can touch-the Line 4.1, but in the Point g ; for 
| ibe Baſe 4 as every Point in the Circle's Circumference, is at the ſame di- 
Circle 7 ſtance from the Center, and as the very next Point to g, in the 
Ellis ant Line 5 i, is at a greater diſtance from the Center a than the 
. _— Paint g, therefore the Circle cannot touch the tangent Line in 
two Points, and — the Baſe of the Circle, is the Point g. 
THz ſame is to be underſtood of the Baſe of an Ellipſis. Right: lined Figures 
max have a Point for their Baſe alſo, by being ſet on angular Points, as the Hex - 
agon B. Plate I. which reſis on its Angle 2, on the tangent Line 617. 
As Points and Lines are the Baſes of Lines and Superficies; ſo Points, Lines, 
and Syperficies, are the Baſes of Solids ; as for Example: Firſt, The Baſe of a 
here is a Point, for the ſame reaſon, as it is the Baſe of a Circle; the ſame is 
© to be underſtood of. the Baſe of a Spheroid. Secondly, If we conceive the 
.curved Superficies of a Cylinder, to be an infinite number of Circles, like Hoops 
ſet cloſe together, tis very eaſy to conceive,. that the Baſe of a Cylinder lying 
down, is a right Line, becauſe every Circle can touch the Plain it lies on, but 
in one Point only ; and therefore all thoſe Points in the ſeveral Circles of the 
Cylinder's Length, will form a right Line. — The ſame is ao to be underſtood 
of a Cone laid. on its fide. Thirdly, It a Cylinder be ſet upright, then the 
end it ſtands on, is its Baſe; as indeed, is every Surface on ch any Body 
ſtands. Fourthly, the Baſe of a Cone, Conoid, Pyramid, Pyramis, Pyramidoid, 
Sc. is that Superficies, which is oppoſite to. the Vertex, and on which they come 
monly ſtand ; but in their Fruſtums, the Superficies of both ends are called Ba- 
fes, as the leſſer Baſe and the greater Baſe : but tho' Cuſtom has thus diſtir- 


guubed 


resse 


conſidered by chemſelves, the Parts a and x, are called Segments 
Ir all the ſolid Angles of a Cube, be fo taken away, as ta make 


83 23. wrt 


=. = 
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guiſhed the ſmall end from the greater, I muſt own, I think it a very improper 
manner of Diſtinction, becauſe one body cannot ſtand on two oppoſite ends at the 
ſame time, and therefore cannot be con: as two Baſes, but as two Ends, as 
they really are, and which may be diftinguiſh'd by the names of greater and 
leſſer, by only making uſe of the word. Eud, inſtead of the word for ſtrict- 
ly f g, except the Fruſtum of a Cone ſtands. on one of its Ends, neither of 
as is a Baſe; for when a Fruſtum is laid on its ſide, 3 
Line, contained between the two loweſt Points of che Superficies of its 2 
+ Lern Meg : 
| On the Formation, Names, Kinds, and Menfaration of Angles. 
HE Angles I am now going to explain, are Angles on Superficies, or rather 
"BY ſuperficial Angles. | | | 1 
A SuPERFiciat Angle is a ſpace contained between two Def. 81.0 
Lines, of which one muſt be oblique, and which meet each other = Y 
zin the ſame point; as for example Fig. I. Nate II. If the _ * 
Line d e, be continued forward, fo as to meet the Line g/, in the | 
Point 7; the Space that is contained between them, is called an Angle. 

Tus xk are three kinds of ſuperficial Angles, that is to ſay ; (1) Def. 82. Of 
Tight-lined as 0 , Fig. II. Plate II. (2) Garvilines), as & y x and , K of 
123, of which xy x is a convex Angle, and 12 3, is a concave „ 
A (3) Compound, or mixtilineal as 971, or t a , % 4% 

. 10 nr. lined Angles have three Denominations, which they Def. 83. Of 
receive according as their openings are greater or leſſer, as right, tbe kind; of 
„ . I 2 

ARiour ANGLE is that, when two right Lines meet, and Def 84. Of 
are ſquare to each other, as 54 and» &, Fig. II. Plate II, or when _”: og, 
a perpendicular Line ſtands on a given Line, as % 4 on m /; then the „% 8 
"oye on each fide of the Perpendicular 5 l, are both Right &“ 

Angles. 10 | | 

Ax Acute Angle, is an Angle, whoſe opening is leſs than aright Def. 85. Of © 

Angle, as the Angle made by the Lines i + and & /, or by the Lines an acute Au- 


1 and 5 14. Eile. 
Ax Obtuſe Angle, is an Angle, whoſe opening is than a Def: 86. Of 
right Angle, as the Angle made by the Lines i 4 and f. 2s obtuſe 


An Angle is meaſured by the Arch of a Cirele, deſcribed oa Angle. 
its angular Point ; and therefore the meaſure of an Angle, is the Def. 87. Of 
quantity of that Arch which is contained between its ſides. The the meaſure 
quantity of an Arch, is the number of Degrees, that are contained of an Angle. 


n. 

A Dong z is the 360th part of the Circumference of any Cit- Def. 88. Of 
cle, as appears by the following Example. Suppoſe the Circle c, a Degree. 
90, 6 d. Fig. I. Plate II. be divided into four Quadrants, by the | 
two Diameters, c 6, and 90 4, and that the Limb ef each Quadrant, be divided into 
go equal parts 3 then the whole Circumference of the Circle, will be divided 

nto 360 equal parts, which are called Degrees, and conſequently any one of 
them, which is the 36oth part of the whole, is a . | 
And from hence tis very plain, that theLimb of a Quadrant con- Ks 
tains go Degrees; that the Limb of a Semicircle, contains 189 Ls o 35 
Degrees; that a right Angle contains go Degrees ; that an acute | woe: A 
Angle contains leſs than go Degrees ; and that an obtuſe Angle - 25 yy 
r = 2 

I every Circle t are 360 ; if from the ter V 
A, you draw right Lines through every Degree, in the Citele c go, 3 2276 
5 4, unto the Circle 4 g fi, they will divide the Circumference of 8 
that Circle, into the fame number of Degrees, as the Circle c 90 4 
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| and on the angular Point @, -deſcribe an Arch, as ec ; take the Extent of the 


7 
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#4; and it like manner, the ſame Lines will divide the dnall Conde 1b, ft 
..... Dr. 
40; 


es, beg 3 1 4 any — gb | 
„greater than dc, on the Points e an 3, deſcribe Arches, as e e, N FE: 


— * 4, through the Point of Iutet ſeſtion þ, fraw the Line 4a. Thirdly 

the Radius - c, from c to 60, alſo from to zo, on the Arche a, which will then 
be divided into three equal Farts, at che Points dg and 60. Fourtlily, divide each 
third Part of the Arch à c, into thr ns SO the whole Arch 4c, 
will be divided into 9 Parts. Fifthly, vide each art into halves, and each d 
Into ve equal Pares, and chen the ee _— 


r Foot of your 
other being | | dewn | cating, 7 


SLES end ego, an the Arch 6 
and Than you NT Op. 


mo_ 
transferred 


: _ ; „ g eee 
How fu ing. arts Fig. II. Plate Tur ot rl gte 


Pax 60 Degrees in your Compaſles, from the-Scale of Chords, 


Arch e c, Neon # cot 0 Line ef Chords, at 
5 and the other erh the — of Degrees, that;s 
contained in the Angle. 


Dy 89. Of Tus reaſon why you maſt mkeexaftly 60 in your Com- 
f Pe 8 to Sande the Arch e c, is becauſe that the Radius, or 


3 every Circle, is equal to the Chord Line of 60 
— Auf an — And nate. thet if in the meaſuring 

Seve | ef Angles, it chould bappen, that the ſides of an 
Thorter than 60 Degrees, the Radius of your Line of rds, you 

muſt, e nt eng: continue out the fides of the Angle, unto a ſufficient 


2 1% : To lay down an Angle equal to any number of given, 


is a very eaſy Work, and very little different from the laſt ; as 


| 2 22 — is required to lay down an Angle equal 


Degrees ; Firſt, draw a right Line, as þ a, Fg. II. E 
por, K yaur Line of Chords, 


3 gr ay} deſcribe an Arch at — as e 6. Thirdly, 
take 30 Degres, the Angle given, from your Line of Chords, and ſet them on 
the Arch, from e toc. Sail , from a, through the Point c, draw the Line 


©: Sen te Ln de nnd ab, make an Angle equal io 30 Degrees as re 
7 As quantities of Angles are ſometimes whole Degrees, and 


— 2 of 3 Degrees and parts of it is therefore to be ob- 
—_— 2088 ſerved, that every — i is ſup to be ſubdivided into ſixty 

8355 equal Parts, which are called Minutes, and therefore 4 of a De- 
gree, is 15 Minutes, + a Degree is 30 Minutes, 3. of a Degree is 45 Minutes, à | 


Ds. 


is 10 Minutes, I is 5 Minutes, &c. 
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132 . ay pa or 4 ws. py ee 
den Degroes, 40pMinutes, and rwenty-five Seconds, is thus written, Ine, due 
10% 407 25”, and Degrees, 15 Minutes, thus, 40* 15 — 
_  AncLss are by three „of which tis to be oo 4 
remembred, that the middle Letter always denotes the an = 
Point.—As for Example, to write or expreſs the Angle by 3 and 
the Lines de b a, Fig. Il. Plate IT. I write it thus, the Angle J » 
4a b, or ba d; in both which Caſes you ſee that a, which ſtands ;þ | 
FF Tonk B BRO the Middle, and ſo the like of all other Angles. 
Tus Complement of an „ is to be conſidered in two hf . Or 
different manners, that is to ſay, when it is to a nt, and 99 . Of 
when to a Semicircle. But be it which it will, the Complement C 
of an Arch, or of an Angle, is ſo many Degrees, as will make „%, 2 2 
the given Angle, or given Arch, equal to go, or to 180 Degrees. ya 5 
So 70 Degrees, is the Complement of an Angle of 20 Degrees, to 
a Quadrant, and 160 Degrees is its Complement to a Semicircle. 
Antes are external, internal, and oppoſite. An external Der 92. Of 
Angle of a Fi is an outward Angle, as the Angle For g, in 22 
Fig. O. Plate IV, whoſe Point points outward ; and an; ee * w 
internal Angle. is an in Angle, that points inward, as the 8 
Angle & in Fig. P. Plate IV ; but an external Angle, ſingly con- *' | 
ſidered, without reſpect being had to a Figure, 12 of an (internal) 
Angle, to a Circle, or 360 So the Angle a * m, Fig. M. Plate VII, is 
an internal Angle, whoſe ure is the Arch i, and the external Angle is all 
the ſpace that is without the Lines a x and x , and whoſe meaſure is the 
Arch i t /m, which with the Arch f , is a complete Circle, and therefore is 
the Complement of the Arch im, to 360 Degrees. | 
Orros ir Angles are ſuch, that are againſt, or oppoſite to one Def. of 
another; as for Example, If two right Lines, as ac, and 6 e, ag 8 
Reg. G. Plate VII. croſs each ocher, the oppolite Angles, which 275 
they make, are b dc, and ade; that is, the Angle 3% c is oppo- *** | 
ſite to the Angle ad e. Solikewiſe the Angle a bd, is oppoſite to the Angle c ge, 
and which are always equal to one another, e the Arches @ 6 and ec, which 


LECT. . 


| Of the Deſeription of Lines. 
| S the ſeveral Works of this and the following Lectures, are very often de- 
pendant on one another, (like the Links of a Chain,) I ſhall therefore 
deliver the whole by way of Problem, or Propoſition. | | 
_ A PRroBLEM is a Propoſition, for ſomething to be done or made, as follow- 
ing. | 
|  ProBLE:m I. Plate V. Fig. I. 
To draw. a right Line, from the given Point e, to the gi 
. continue it infinitely from X towards f. 
| Operation Firſt, apply the Edge of a ſtreight Ruler, to the Points e X, and 
with a Pencil draw the Line required. Secondly, Lay the Edge of a Ruler, to 
the Line e X, and applying the Point of a* Pencil, &c, to the Point X, continue 
the Line e X, from the Point X, towards / i | 55 
| . PxosB. II. Fig. H. 
Tao Points being given, (at gg) «hls Point Interſection, as i. | 
ation, Open © vg Compaſſes to any diſtance, greater than half the diſtance 
of the Points propoſed, and upon the * , deſcribe Arches, as g , g 1; 
then will the Point i, be the Point of In ion required, the uſe of which 
will be preſently ſhewn ; and it is to be obſerved, that tis no matter what the 


opening of your Compaſſes is, c 
. | | | given 


„ Point X, and to 
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Point u. (2). On the Points 6 and c, by Frob II, find a. point of Interſce 
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iven Points; and the reaſon thereof is, that if the coping infthen half the 
that o 


r the Arches deſcribed on cannot meet, 
to interſect eac 

if the opening be ly half the diſtance, as g 3, as is evident by the Figure. 
Hence tis plain, that unleſs the opening be more than half the diſtance of the gi- 
ven Points, there cannot be any . Point of Interſeftion made. The Points- i and 


g. are both Points of Interſection ; that of i, being found by an opening equal 


to the whole diſtance of the given Points, and that of g, by an opening that is 


ph Pr o B. III. Fig. III, IV, V, VI, and VI. | 
Jo erect Perpendiculars from given Points, in or near the middle, and at or 
near the Ends of given right Lines. 
Operation. Firſt, in Fig. III, let n be a given Point, in or near the middle of 
the given Line ox. Set any equal Diſlances on each fide the given point m, as . 
and , whereon, by the laſt Problem, find a point of InterfeQtion, as 9. 
From mto , draw the Line g, which will be the Perpendicular required: for as 


= #, and mo, are at equal diilances from , therefore (by Def. 15) the Line 
1 9, is a Perpendicular ; becauſe the diſtances » g and og are 1 4 Th 
SIG, £ „ To ere a Perpendicular from. the given Point r, Fig. IV, at the End 


"EF . of the given 2 re. 1 
ration. Firſt, on the given point , with any opeuing of your Com paſſes, 
ace an Arch, 6 7 x ww, and thereon ſet that opening twice, as from s to x, 


and from x tov. Secondly, on the Points x and v, find a point of Interſection, 


as &: draw the Line x, and 'twill be the Per | required. A Per- 


icular may be alſo erected on the end of a given Line, by either of the follow- 


ing Methods. As for Example: Firſt, Let 1 2, Fig. V. be a given Line, and 1 
the given Point. 


Operation. Firſt, on 1, with any opening of your Compaſſes, deſcribe an Arch, 


a< 3, 9, and thereon ſet its Radius, from 3 to 4, whereon with the ſame open- 

in e, deſcribe the Arch 3 5 68, and thereon ſet up its Radius three times, at the 

Pcints 5 68. Secondly, jab the Line 8 1, and 'tis the Ferpendicular required. 
Secondly, Let A D, Fig, VI. be a given Line, and A the given Point. 
Operation. Open your Compaſſes to any diſtance, and ſetting one Foot in the 


iven Point A, ſet down the other at pleaſure, as on the point B, ſo that the 


'oot in the point A, may be capable to interſect the given Line, as in the Point 
C. Alſo onthe Point B, deſcribe an Arch, as AGF, over the given Point A. 


Lay a Ruler from C to t, and it will cut the Arch AGF, in G; draw the 


Line G A, and 'tis the Perpendicular required. | 
: Third!y, Let N O, Fig. VII. be the given Line, and N the given Point 
Oter ation. Firſt, from a Scale of equa ts, as à cd, Fig. I. take 6 parts in 
our Com paſſes, and 6n the given Point N, deſcribe an Arch, as M M. Second- 
y, take 8 Parts in your Compaſſes, and ſet them from N to I. Thirdly, Take 


10 Parts, and on the Point I, interſect the Arch M M, in the upper N, and 
draw the Line NN the Perpendicular required. 
Now as 64, the Square of 8, and 36 the Square of 6, are together equal to 
100, which is the ſquare of 10 by 10; therefozeN N is a Perpenaicular to the gi- 


ven Line NO. Fourthly, let 3 a, Fig. VIIl, be a given Line, and @ the given 


Point. 


Operation. With 60 Degrees of a Scale of Chords, on a, the given Point, 
deſeribe an infinite Arch, as 54; and then ſetting 9, from 5 to c, draw c a, 


the Perpendicular required. 
. Pros. IV. Fig. IX. 
To erect a Perpendicular on an angular Point. 


Let ba c be the angular Point given. 
Of eration. (1) Aſſign two Points, as bc, at any equal diſtance from the 2 


as 4; and draw da, the Perpendicular required. ; 5 
. _ Pzxos. 


other, ſo as to make a Point of Interſection, as is alſo the caſe 
* 


ion, 
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: 2, Pros. v. Fig. X, and XI. 8 
To erect a Perpendicular on the mtg” + boa in the concavity of an Arch of a 
rele. 

- Firſt, Let ef, Ng. X, be the given Arch, and à the given Point. | 

„ ee Set off two Points, as 5 d, at any equal — i from a, and there · 
on, by — II, find a point of Interſection as c; draw c @, the Perpendicu- 
lar required. Ib FFC 

— Let 5 ad, Fig. XI. be the given Arch, and à the given Point. 
| Operation. (1) Set any equal diſtances on each fide of a, the given Point, as in 

the laſt Problem, and thereon, by Pros. II, find a point of Inter ſection, as ö. 


(2) Draw + a, the Perpendicular required. 


| : | ProB. VI. 232 3 
To bi/e a given ri me, by a Perpendicular. 

Lara b be the 11 n | | 
Operation. On the Points a and ö, by Pros. IT, find a point of Interſection 
on each n Line, as 4 and e, and then drawing the Line de, it 
will be a Perpendicular to the given Line a 5, and biſect or divide it into two 


ual” parts at the poiht e. 42 
1 F e eee e e | 
75 ere? a Perpendicular on the Extremity of a Concave Arch, whoſe Center i; 


, AN . 
LeT ad l be the given Arch, and a the given point. | 
Operation. Aſſign three Points in any parts of the Arch, as £ 4b, and between 
them, draw right Lines, as g 4 and 4 b, which by the laſt Pros. biſect ar di- 
vide by Perpendiculars, which will interſect each other in c, the Center of the 
Arch ; from whence draw c a the Perpendicular required. a 


: Pros. VIII. Fig. XIV. and XV. | 
To let fall a Perpendicular — a given Point, on a given right Line. 
Ler ap, Fiz. XV, be a given Line, and 5 the given Point. 3 
Operation. Open your Compaſſes to any Extent greater than the diſtance from 
the given Point to the Line, and on 4, the oint, deſcribe an Arclf inter- 
ſecting the given Line, in the Points „ and B, whereon find the point of Inter- 
—— g. and laying a Ruler from 4 to g, draw the Perpendicular 51, as re- 
wired. | EA | 
TV Nees This Operation is to be uſed, when the given Point is over, or nearly 
over the middle of a Line] and the following when the given Point is over, 
or nearly over the end of a Line, as the Point e, Fig. XIV. / 
Operation, From the given Point e, draw an _— ine, as ec, which by 
Pros. VI, biſect in the point 7. whereon with the Radius F c deſcribe a Semi- 
circle eutting the given Line in the Point a, and draw en the Perpendicular re- 


quired. 
| | Prop. IX. Fig. XII. ae 
To let fall a Perpendicular, from a given Point, on a concave circular Arch, loſe 
b ; Center is unknown. 

Leer b be the given Point, and def the given Arch. | 

Operation. Aſſume three Points in the given Arch at pleaſure, as eg, and 
draw the Lines ge and e 4, which biſect in the Points o and c, and thereon erect 
the Perpendiculars 0b and c b, which will interſe& each other in the Point , the 
Center of the Arch. Ny a Ruler from 5 the given Point, and draw an the Per- 


pendicular required. 
Pao. X. Fg. XVII. 
To qi vide an Angle into two equal parts, by a Perfendic lar. 


LeT bas be the given Angle. 
7 ; 1 2 Opera- | 
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Operation. Set any equal diſtance on each ſide the Angle, e and 


e, whereon find a point of Interſection, as #, th * ebe . 
point a, draw the . 33 


Pros. XI. Fig. hor ee Sf} 


Doe make an Angle equal to a 

"Tis required to make the fe % eq bac. yo, 8 | 

Operation. Draw a right Line, as I, and our Compaſſes to any diſtance, 
and on the angular point a, deſcribe an Arch, 2 with the ſame opening on 
the Point /, deſcribe an Arch at pleaſure, as 4 f: make the Arch ag, _—_— 
A OR h the point g, from the poin point f; draw the right Line fg 5, and 
then the Angle 14/5, will be ual to the Angle b a e. In the ſame manner, the 
Angle ed FF XX, is equal tothe Angle þ a c, Fig. II. 


PxosB. XII. Fig. XXII. 


To continue a right Line to a greater Length, than — Jbr or | 


one Operation. 
Lzr a, be the given ight Line, which cannot be made longer at one 
by reaſon of the uler of the ſame Length. 
Operation. With the h of the Line a, on the point a, deſcribe an Arch 
as e 4; on which, from end of the given Line, ſet off two Points, as ef, 
. whereon find a point of Interſection, as 4; unto which, from the end of the gi- 
ven Line, lay a Ruler, and continue the given Line at pleaſure. 


Pros. XIII. Fig. XXIII. 
onde ey Lins pete oY Line, at an 4 diflance. "RT 
| .. ih, Fig. XXIII, be the given right Line, and A B, the given diſtance. 
the given diſtance, A B in your Compaſſes, and on any two points, near the 
* Line, as r and p, deſcribe two Arches, as 2 * and 00, unto 
which lay a Ruler, ſo as but juſt to ſee their Convexities, and draw the Line 
m, whi will be parallel to i 4, at the diſtance of A B as IS s 4 


"Pros. XIV. Fig. XXIV. | | 
. To draw a . Tar + right Line, hich all paſi thragh « given | 


Lr eb be the 3 
Operation. From the given Point 6, draw an oblique Line, as be, at pleaſure 
to cut the 1 t, as g. By Pros. XI. — An 71 
Sick vn the Angle 5 405 and the ** c, to the point 6, draw the 
will be parallel „ 5 


Pros. XV. Fig. XXV. 
To deſeribe a Circle, concentrick to a given Circle, at a given di . 
Lier the given Circle be 8, and e the given diſtance. 
Operation. Draw a right Line through à the Center of the given Circle as . 70 
| 3nd make e d equal to the given Diſtance, on a, with the Radius a e, deſcribe 


"Circle gc, as required. 
PrxosB. XVI. Fig. XXVI. 


| Between two 2 iven Points to find two others dipeAly interpoſed. 

Lz. ad be the two Points given, to find two others directly interpaſed, as ö 
and e, by the help of which a right Line may be drawn from the Point à to the 
Point d, with a Rale, whoſe length is leſs than the diſtance of a to d. | 

ration. With any diſtance greater than half the length of à 4, on the Points 

find two Points of Interſection as e and 7, on which with any diſtance 
— than half the diſtance between the two Points of Interſection, find two o- 
ther Points of Interſection as 5 and e, which will be directly interpoſed between 
the given Points a and das required. | 


— 


Pros. 


E rn wa bre 


A 


i 
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| | PRO. XVII. Fig. XXVII. os 
„ To divide a right Line 28 Number of equal Parts. 
Lzer E F be the given Line, to be divided into 4 equal Parts. | 
Operation. Draw a right Line at Pleaſure as @ h, and thęreon ſet four equal 
parts of any bigneſs, as 1 2 3 4, on the Points 4 and 4, with the diſtance a 4, 
Fake the 22 and from u, through the Points @ 1 2 3 4, draw right lines 
out at pleaſure. This done, take the given Line —— ſet it 1 
from # to 6, and to /, and draw the Line 3½ which will be equal to the given 0 
1 divided into 4 equal Parts by the Lines c, nd, ne, as | 
ui _ 8 : 0 2 
A Ricur Line may alſo be divided into any number of equal Parts as follow- 
ing, viz. let ab, Fig. XXIX. be the given Line to be divided into five equal 


Parts. - | 
1 From the end ö, draw a right Line as bd, making any Angle at 
pleaſure. By Problem XIV. draw ac Parallel te bd, or by Prob. XI. make the 
Angle 6 ac, equal to the Angle 4604. On the Lines bd and ac ſet of four e- 
qual diftencee of nuy Magai as at the Points 1 234 on the Line bd, and at | 1 
5678, on the Line ac. This being done, draw the Lines 4 5, 8 . 
1 2, which will divide the given Line @6, into 5 equal Parts at the oints bg fe, "bf 


as 
: ; Po. XVIII. | | | 
To divide a given right Line into unequal Parts in the ſame Proportion as another 
| a | Line is divided. 
Lux the right Line A under Fig. XXV. be given, to be divided in the ſame 
Proportion as the Line þ c, next below it. CO 
Operation. On the Points 6 c with the diſtance bc, make the Section a, from 
whence draw right Lines through every of the Diviſions F ginn. Make ad, 46 
each equal -06-the gion Line A, and draw the Line 46, which will be equal to 
—_— Line A, becauſe the Triangle 4 a6 is equilateral, and which will be 
divided by the Lines a % ag, Cc. in the ſame Number of Parts, and in the ſame 
Proportion as the Line 66. | 2 1 N | 


4 Fig. ar ter 1 
A Circle being gi ven, to find its Center. . 4 
* RE EE | TH: | 2 
Operation. A three Points in any Parts of its Circumference as fa b, and 0 | 
draw the Chord Lines fa, and a b, which biſe& in the Points æ x, whereon e- f 
rect the Perpendiculars æ c, and x c, which will interſe& each other in c, the 
Center of the Circle. ＋ 
| POR. XX. Fig. XXX. | 1 
To find the Center and Diameter of a Tower, &c. whoſe Baſe is a Circle; being | | 1 
! 
1 


* 


without the ſame. 

LzT the Circle i / repreſent the Out-line of a Cylinder or round Building, 
whoſe Center and Diameter is unknown. 

2 Apply the ſtreight Side of a ten- foot Deal againſt the outſide of the 
Building, as 5 u, or for want thereof, ſtrain a packthread Line, ſo as juſt to 
touch the Building, as the Line 4», touching in the point 4. Set any certain 

- diſtance (ſuppoſe 10 feet) from 4 to h, and from 4 to x, at which Points, erect 
Perpendiculars continued until they meet the Building, as h i, and A and mea- 
ſure their * exactly, which ſuppoſe to be 6 Feet. This being done, 
make a Scale of equal parts as Fig. I. and let every part repreſent one Foot. Draw 
a right line to repreſent hn, which make equal to ten parts of your Scale, and on 4 
the ends + and erect two Perpendiculars, making length of each equal to or” 
6 parts and draw the Lines i 4 and 4/. Laſtly biſe& the Lines i 4 and 4 / in the 
| pom x x, and thereon erect the Perpendiculars xa, za ; which by the laſt Pro- 

lem will interſe& each other in a, the Center of the Building, on which with 
the radius a4, deſcribe a Circle, which will repreſent the Out-line he _ 
; n Re, | Yo "FR 


\ 


SF UE 


8 ü n 
2 rr e * 
a ” of x Re" 49 6 ata 
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Building, and whoſe Diameter being meaſured on your Scale of equal parts, will 
ſhew the number of partz, which are the Feet contained therein. 


| Pi on. XXI. M. XXI. 


LAT ba ie, be a given Oval, whoſe center p, and two Diameters are to be 
ſound. „ ee | 15 5 | 
Operation. Draw at pleaſure two parallel lines as c e, and ng, which biſect in 


the points = and m, through which draw ia right line as JA, which biſect in p, 
whereon deſcribe any Circle that will interſect the ſides of the Oval, as fd, 
in the points c fd; through the Interſections 5d. draw the right Line 42, which 
biſe& in x; then __ the 2 — x draw the ant, Diameter, and through 
the point p, draw the ſhorteſt Diameter parallel to 5 4, 
uired. | 3 a | 

_ PR OB. XXII. Fig. XXX. Plate III. ; 8 

To draw a right Line throngh @ given 2 _ Hall be a Tangent Line to 2 
Den VGIrcte, x 
Lr d be the given point, through which the Tangent 46 is to be drawn. 
Operation. Draw a right line from & the given point, to à the Center of the 
Circle, which biſe& in n, whereon with the radius , deſcribe the ſemi-circle 
a cd, interſecting the given Circle in c, through which, from 4, draw 46, the 


Tangent Line required 


Tus ſame is alſo to be underſtood of a Tangent Line to an Ellipſis as 


Fig. XXXII. {4g . . 
Pon. XXIII. Fig. XXXIII. Plate IV. | 
A right Line being given as e d, to ud another right Line equal tbereto. 
Lr dc be the given Line. | | E _— 
Operation. From the end c draw a right Line at pleaſure as ac, and on the points. 


a and c, with the opening a c, find the point of Interſection b, and draw ac anda b 


dut at pleaſure ; on c with the radius e deſeribe the Arch of a Circle 4e, cutting 
the Line a c continued in e. On @ with the Radius @e deſcribe the Arch ef, 
cutting the Line @ 6 continued in the point g ; then is bg equal to cd, as required. 


5 PR O Rn. XXIV. Hz. XXXIV. and XXXV. Plate III. 

To d cude the Circumference of a Circle into Degrees, Minutes, Hours, and Rhumbs. 
LeT the Circle ba cd Fig. XXXIV. be given, to be divided into 360 Degrees, 

the Cirele Jace Fig. XXXV. into 60 Minutes, the Circle 46 ce Fig. XXXVI. 


into 12 Hours, and the Circle er 8 Hg. XXXVI. into 32 Rhumbs or Points of 


the Compaſs. | 2 
FirsT, in Fig. XXXIV. and XXXV. draw the two Diameters at right 


Anvles as a d, and (ec in Fig. XXXIV. and 4 c, and a e in ife 
VX, Set the radius of each Circle from c to g, and from à to n, and then 


will thoſe Quadrants be each divided into three equal parts. In the ſame man- 
ner divide the remaining three Quadrants in each Figure. This being done, di- 
vide c, ng and ag in Ng. XXXIV. each into three . parts, and every part 
into ten equal parts, and then the Quadrant ae c, will be divided into go equal 
rts. In the ſame manner divide the Quadrants @be, bed, and then the 
Circle will be divided into 360 Degrees as required. Alſo divide on, ng and 
ag. Fig. XXXV. each into 5 equal parts and then the Quadrant 2 gc, will be 
divided into 15 equal parts. In the ſame manner divide the Quadrants @ 4, de, 
and ec; and then, that Circle will be divided into 60 Minutes as required. 
SEcoNnDLY, To d:wide the Circle of 12 Hours, Fig XXXVI. © | 
Draw two Diameters at right Angles as 4c and be which will divide the 
Circle into 4 Quadrants, ſer the radius ad, from to and to i, alſo from e to 
Fand to K, alſo from c to and to hb, and laſlly from & to o and to x, and then 
will the Circle 46 c e be divided into 12 equal parts as required, - 
; 3 | | TarinDly, 


and is the Center as 


82 8 


T 81 8 om 
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 TrinvLYy, To divide the 32 Points of the Compaſi, Fig. XXXVIL 

Dz aw, two Diameters at right Angles as e8, and , divide each Quadrant 
into — equal parts, and then the Whole will be divided into 8 parts, divide 
each 8th part into 2 equal parts and then the whole will be divided into 16 parts. 
Lattly, divide each 16th part into 2 equal parts, and the whole will be divided in- 
to 32 ęqual parts as required. ; | | | 

| To proportion the Height of the Figures to the Hours. REPS. 
Divip the Semi- Diameter of the outer Circle of your Dial-Plate into 12 e- 
ual parts, give one to the outer margin for the Minutcs, Five to the Margin 
the Hour's Figures, and the next one to the Margin for the Diviſion of the 

Uarters. ö | 

HE Figures by which the twelve Hours are numbered, are the Capital Let- 
ters I, V and X, which are proportioned and made as following. 
To proportion the breadth of the Figures, divide their Height into 8 equal 
parts, and give one part to the breadth of the full Stroke in every Figure and 
one quarter of a part to the Breadth of the fine Stroke in the V and the X. 

Tun Diſtance of the I's from each other is equal to their breadth. The 
breadth or opening of an V at its top, is 4 parts, and of an X is 5 parts, as may 
be ſeen in Figure VIII. by the dotted parallel Lines. If the Figures ſtand 
very high above the Eye, their Grace's which is their arched _— at their 
Tops and Bottoms, muſt have a breadth equal to the fine ſtroke of an X, that is, 
of one quarter of a part. But when the Dial is near to the Eye, there need not 
be any breadth given to them, as in the Figures is repreſented. | 

Tus Curvature of every Grace begins, at half a part, above the bottom, and 
below the top of every Figure, as expreſſed by the Lines, cd, and a5, and their 
Projections is half a part alſo. The Graces to the 1's are all Quadrants of a 
Circle as þ 4p, and whoſe Centers are always on the Lines c and a6, but the 
Graces of the V's and X's, are Arches leſs and more than a Quadrant, and who:e 
Centers are found by this, 

GaxreRAL RULE. 


From the point e Fig. X. where the Out · line of the Figure cuts c 4, the Line 
of the height of the Graces, erect a Perpendicular as e m. Make 4g equal to 
half à part, for. the Projection of the Grace, and draw the Line eg, which biſect 
in x A, on which erect the Perpendicular x a interſecting the Line e in n the 


Center on which with the radius 2 e, deſcribe the Arch eg, which is the Grace 


required. E | 
LECTURE IV. 
On the Conſtruction of Plane Figures. 


| PRO RE. I. Fig. E. Plate IV. 
O dueſcribe an equilateral Triangle, as a be, Fig. E. whoſe fides ſhall be each 
| equal to da, a given Line; alſo an Jhſceles — 4b a be, Fig F. auhoſe 
Baje and Sides ſhall be equal to the given Lines d and e; and likewiſe a Scalenum 
Triangle, as Fig. G, whoſe three Sides hall be equal to the three given Lines, d. e, f. 
Flas r, make 6c Fig. E. equal to the given 420 the points 6 and c, with 
the opening c, make the point of Inter ſection a, draw the Lines a 5, and a c, 
and they will complete the equilateral Triangle as required. Secondly, make 
be Fiz. F. equal to the given Thad e, on the points 6 — c with an opening equal 


to the given Line d. make the point of Interſection a, draw the Lines a b, and 


a c, and they will complete the Iſoſceles Triangle as required. Thirdly, make 6 c, 
Fiz. G. equal to the Line , on 6, with an opening equal to the Line e d. and on 
c with an opening equal to the Line 4 make the Section a. Draw the Lines a 5; 
and ac, and they will complete the Scalenum Triangle as required. 


| P oB. II. Ez. H, and I. Plate IV. f 
To make a geometrical Square, as Fig H, whoſe Sides ſhall ze each equal to a 


given 
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: F I. whoſe length and breadth Gall be e- 


to tuo Lines as e f. 
. Fig. H. 8 n 


Lect. III. erect the Perpendi 4b equal to cd, on and c, 
with the c d, K "Dar ds Lins ab ad 
a c, and they will complete the 3 

SzconpLy, Make a6, Fig. I. equal to | * on the print «, 


erc& the Perpendicular 2 c, ual to rs an opening e 
ſection 4 Bren, the L , with an opening equal toc, make the point of 
nterſection d. Draw Lines db, and dc, and they will EIT 
e 
Pos. III. Fig. K, and L Plate IV. 


e eee . auboſe Sides fa „ 
Line e, alſo a Rhomboides as a c bd Fig. L. who Side and Ends Pall be eual to 


the given Lines e f, and whoſe acute * Hall be each equal to the > ay Angle M 


usr, Make ad, Fig. K. equal to the given Line e, on d. with the radive 


42 deſcribe the Arch ac ; make ab, 0 to ad. Draw the 


Lines à 0 be, and c d, and they will complete the Rhombus as requ 
SECONDLY, Make 2 d Fig. L.A e, by Problem XI. Le. 
— ac, and make c equal to the 


. c, with an opening equal to à 4. and on the point 4, with 
apes to ca, find the on of Hnefeion b, draw the cb and 
mag dg 


Pros. IV. ig. N. and O. Plate IV. 


„ a, a bd h 1 . "whoſe Height, Top, and Boe full 
/e 


to the three 7 gas Lines ezf, 1 ; alſo a Tr aracfy, 
Sides ſhall be equal to 4 given — one of its les as e a g, 6 Q, an 
Anale giuen. 

12 r and biſect it in a, whereon erect 
the Perpendicular Ar to 4 the given Height; by Problem XIII. Lect. III. 
— ok, iſect , in x, and make cb and cd each equal to æ e 


draw the Lines 4% and 5 a4, and they will complete the Trapaigid abdhas | 


required. 


EcCONDLY, Make ag, Fig. o, equal to the given Line 4, by Prob. XI. 


Lect. III. make the Ang ceag, equal to the given Angle Q, and make e @ equal 
to the given Line 4. On the point e with an EE equal to the given Line i, 
and on t 85 point g with an opening equal to the fourth given Side, the point of 


Interſection fo Draw the Lines ef, and /g, and they will complete the Trapezia 


as required. 
Note, If the Angle had been required to have been made an internal An ngle, 


then the two Sides Fe and fg, m ml have been drawn to the point of Inter 
tion b, as in Fig. P. which is uite different Figure, from Fig. O. although 
the given Angle and Sides are e the ame. 


IT is alſo to be noted, 'That when four right Lines are propoſed, to be the, 


bounds of a Trapezium, that thoſe two Lines which make the InterſeQion, 


muſt be longer than the - contained between the Extremes of thoſe ſides, 


which make the given Angle, otherwiſe there cannot be a Trapezium made; 


for if the aforeſaid two Lines, Fe, and fg, Fig. O, were but equal to the . | 


tance contained between g and e, the Extremes of the Angie g ae, they on 
make but one Line, conſequently the Fi _ would be a Triangle, inſtead 
— wee and if thoſe two Lines were leſs than the diſtance from e to 
, then there could not be any Figure produced. Therefore 'tis plain, that 
to make a Trapezium, the two ſides which make the interſectional Foint, muſt 
1 bd cee than the diſtance contained between the Extremes of thoſe ſides 
W | 


contain the given Angle. 
Pros. 
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8 Pros. V. Fig. ABCD and S. Plate IV. | 
To deſeribe a Circle of any given Diameter; ſuppoſe ten Feet, and to deſcribe 
Owals of the firſt, ſecond, third, and fourth kinds, to any length required. 

Operation. Firſt, make a Scale of equal parts, as Z, and let each part repre} 
ſeat one Foot. Take 5 parts in your Co mpaſſes, and on 4 deſcribe the Circle, 
whoſe Diameter e 4, will be equal to ten Feet, as required. ; 

Secondly, Divide a /. Fig. B, the given Length of an Oval, into 3 
equal parts at e and 6, whereon with the Radius 6 f, deſcribe two Circles in- 
terſecting each other, in c and g, from which two Points, thro' the Centers e and 
3, draw the Lines g ed, gb l, ch m, and cen; on the points g and c, with the 
Radius g 4, deſcribe the Arches 44, and » m, which will complete an Oval of 
the firſt kind. 0 | | . 

Thirdly, Let df, Fig. C, be a given Length, as before. CT Ms 

Divips df into 4 equal parts, at ce; on the Points ch, with the Radius 
c d. deſcribe two Circles, touching each other in the Point ; on c þ make the 
two equilateral Triangles a ch, and ne h, continuing their Sides out both ways 
at ure, as to 5 86 and 7, on the Points à and », which with the Radius e 5, 
2 the Arches 5 6, and 8 7, which will complete an Oval of the ſecond 
nd. | | 1 

Fourthly, Let à & be a given Length as before. | 

Divivs a 4 into 24 equal parts, and draw 3 d and /i, parallel thereto, 
each at the diſtance of 10 parts; draw e through the middle of à &, at right 
Angles to a 4, and make c cd, alſo gf; and gz, each equal to 10 parts, and 
then will you have completed two geometrical Squares, wiz. bcfg and c dg i. 
Draw their Diagonals, and on their 1 y and x, with the Radius of z d. or 
i, deſcribe the Arches fa 5, and 4 4 i. On the Points c and g. with the Ra- 
Cius g d, deſcribe the Arches b ed, and Fh i, which will complete an Oval of 
the third kind. | 

IT is here to be noted, That as the Proportion, that the fide of a geometri- 
cal Square, bears to its diagonal Line, is yet unknown to all Mathematicians, the 
difference between them cannot be aſcertained. But however, the neareſt Pro- 
* that the ſide has to the Diagonal, is, as Five is to Seven; that is, if the 

ide be five, the Diagonal is ſeven, and a little more. And therefore when the 
Length of the Oval is divided into 24 equal parts, or twice 12, then c 4 &c. be- 
ing 75 x A will he 7 and a little more; and therefore when the Arches 4 Ati, 
and 5 a , are deſcribed on the Centers y z, they will exceed the Points a and 
, ſome ſmall matter. | a oe. | 

Fifthly, Let e 4, Fig. 8, be a given Length, as before. ; 

Divipt the Length # 4, into four equal parts, at the Points 1. 2. 3. and through 
them draw the Lines r 7, 6 n, and sw, at right Angles : to the Line e 4 : make 
ir, 14, alſo 26, 2», and 3.5, 3 v, each equal to one fourth of e 4, viz. to #1, 
and complete the three geometrical Squares, e r 2 t, b i n 3, and g 2 V 4, continuing 
the ſides à 1, and 6 1, as alſo the ſides 5 3, and u 3, out at pleaſure. On the 
Centers 1 and 3, with the Radius e 1, deſcribe the Arches meh, and d 40. 
On the Centers 5 and », with the Radius xz + or # d, deſcribe the Arches + d, 
and m o, which will complete an Oval of the fourth kind, as required. 


Pros. VI, Fig. V, W, X, R. T and V, Plate IV. 
To make an Oval of any . and Breadth required, by divers Methods. 
Leer the Lines x x, x x, Fig. V. be the given Length and Breadth. 
Operation, Firſt, make d /, equal to æ x, and by Pros. VI. LECT. ITI. 
divide d / in two equal parts, by the Line @r. Make x c and x u, each equal 
to half xx. Make de, equal to xc ; divide ex, into 3 equal parts, and 
make eh equal to 1 part. Make x t equal to x, and by Px o I. herecf, 
on the Line t, complete the two equilateral Triangles, þ af, and 5, con- 
tinuing their Sides thro” the Points þ and t, at pleaſure. On the Points h and 
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e, with the Radius #7, deſcribe the Arches #/m, and 34 2; alſo on the 
Points a and , with the Radius &, deſcribe the Arches, & c 4, and ? 
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* 


742 Second, by a Diviſion o favs Circles, Fig, W. 4: 
LzrT the given h and Breadth, be the Lines x x, = x, as before. 


which will complete the Oval, as oro 
0 


Operation, Make the Line 1 2, equal to the given Line z x, and divide it into 


two equal parts by the Perpendicular 3 6. On @, the point of Interſection, with 


the Radius a 1, deſcribe the Circle, -1 3 2 63 alſo on 4, with a Radius equal to 


half the Line x x, deſcribe the concentrick Circle 7, 4, 8, 5. Divide the Cir- 
cumference of each Circle, into any and the ſame number of equal parts, (the 
more the better) as in the Figure where each Circle is divided into 24 parts. 
Draw right Lines from the Diviſions in the ſmall Circle, 8 to the Line 1 23 
to the right and to the left at pleaſure. Alſo draw right Lines from the Diviſiors 
as 27 f x, in the outer Circle parallel to the Line 3 6, and through the points 
of Interſection, that they make with the other Lines before drawn, as ede hi, &c. 
trace the Circumference of the Oval, whoſe Length 1 2, is equal to x z, and 


| Breadth equal to x, as required. 


 Thirdh the Ordinates of a Circle, Fig. X. ; 
Lew the given Lengt - Breadth be as before. | 
Operation. Make b e and 
Interſection with the Radius c 4. 
cr he Circle a 5 4, Sc. Divide the Semidiameter c /, into any number of 
we ky ſuppoſe 4, as at the points 1 2 33 thro! which draw right Lines, 
e 


to a d, as 1 g, 27, 34, which are called Semi-ordinates of the Circle. 


ivide 6 c and ce, each into the ſame number of equal parts, as Fc, at the 
Points 4, 5, 6, thro' which draw Lines parallel to ad. Make 47, 4 , 
(which are Semi- ordinates of the Ellipſis) each equal to 1 g, the Semi- ordinate of 
the Circle. Make 5 8, and 5 », each equal to the Semi- ordinate 27; alſo 6 0, 
and 6 o, each eqnal to the Semi-ordinate 3 K; then from the point &, through the 
Points 7,8, 9, en md, trace one half part of the Ellipſis. In the ſame manner 
ſer cf Ordinates on the other ſide, and complete the Ellipfis, as required. : 

AY Fourthly, 7 the help of a Line or String, Fig. T. 

LET the given Line 5, be the Length, and the Line the Breadth. 
Operation. Make bf, the long Diameter, equal to the Line h, and 4 u, equal 
to the Line wv, and at right Angles to 6 /. Set /F half the tranſverſe Diame- 
ter, from 4 to a, and to g on the tranſverſe Diameter, which are called the 
Focus points of the Ellipſis, wherein fix two Nails, &c. and about either 
of them, ſuppoſe the Nail at a, put a double line of Packthread, c. which 
ſhall reach unto the point /; then with a Pencil, &c. applied within the ſaid 
Line, and held upright, trace about the Circumference * the Ellipfis, which 
will paſs through the Points 3 n, as required. _ | . 


= 
* 


Fifthly, by help of a Tramel, Fig. R. 


Lr 4 and ex, be the given Dizmeters, drawn at right Angles. 


Operation. Firſt, make a Trame!, which is nothing more than two pieces of 


Wood, as 4, and xg, fixed together at right Angles, with a Groove in the 


midit of each, wherein the Pins ge of the Deſeribent g @ move, as the tracing 
Point «deſcribes the Ellipfis. The tracing point a, is generally a fixed Point, 
but the Points e and g, are moveable Ponts, and are made to flide on the De- 
ſcribent at pleaſure. The diſtance of the Point e, from the Point 2, is always 


equal to Vc, half the conjugate Diameter, and the diſtance of the Point g, from 


the Point a, is always equal to half the tranſverſe Diameter. Fix down 
the Tramel over the two given Diameters, ſo that the middle Line of each 
Groove, may lie directly over them; and the Points ge and a, being fix- 
ed as aforeſaid. Then putting the two Points eg, into the Grooves, with 
one Hand move the tracing Point a, (wherein generally is fixed a black 
lead Pencil) and with the other guide the Pins or Points eg, in their reſpec- 

=, 5 . * tive 


| „at right Angles to each other, and equal to the 
2 ere th and Breadth. On c, . | 
ſcri 


G. 


g. Sr gg are 


tive Grcoves, whilt the tracing Point a, makes one Revolution, which will 
deſcribe the Ellipſis required. | * 


5 Pros. VII. Fig. V. Plate IV. 
To deſcribe an Elliptical Polygon, 755 


5 Mater. 
Laer 41 be the given Length, and e & the given Breadth. | 


Operation. Make a Parallelogram, as 55 cg, whoſe Length is equal to g f; 
and breadth to ed. Biſect the ſides 5 6 and c9, in the Points e 4; ald + "hy 


ends þ c, and bg, in the Points g and f. Divide every half of the fides and 
ends, into any (and the ſame) number of equal parts, the more the better. In 
this Example, 4 , and 15 9, are divided each into q equal parts, as at the Paints 
1 2 3 4, Cc. in each Line. Draw right Lines from 4 to 8, in /, as alſo 
from 1 to 7, from 2 to 6, ſrom 3 to 5, from 4 to 4, from 5 to 3, from 6 to 2, 
from 7 to t, and from 8 to 7; and they will form one fourth part of the Ellip- 
tical Polygon. Proceed in the ſame manner, to deſcribe the remaining three parts, 
and they will complete the whole, as required. | 


Nate, in Practice this Figure may do near enough to repreſent an Oval; but 


ſtrictly conſidered, it is a Polygon of 4 times the number of ſides, as are 

parts in each half fide. | | 
| | Pros. VIII. Fig. Z, Plate IV. | | 

To deſcribe an Egg ovallar Polygon, about an irregular piece of Water, by 
: | the Inter ſection of right Lines. | | 
Leer the given Length be /h. 5 : 5 

| Operation. Erect Perpendiculars on the Points Fand h, as à c, and 5 d, which 
continue both ways at pleaſure. Make fc, and Fa, each equal to one third 
of F; alſo make 5% and , each equal to three fourths of a c, and draw 
the Lines ab and cd. Biſect c in g, 4b in b, ab ine, andac in /. 
Then by the laſt Problem, divide each half fide, and half end, into equal 
parts, and draw right Lines thereto, which will form the curvature of the Egg 
oyallar Polygon, 7 ge a | a A * | 
Pe. Pray Sir, why ds you tall theſe two igures Polygons ? for if 1 miſtake not, 
there are *. Authors ads call — rack gb Ellipfes. wh IE 0 
M. Tis very true, and ſo an equilateral Triangle, is, by the Ignorant, called 
a three - ſquare Figure, and an Octagon, an eight-ſquare Figure, which is ridi- 
culous and abſurd, becauſe neither of thoſe have anv ſquare Angles. 
And as all Ovals are compoſed of Arches of Circles, how is it poſſible that right 
Lines, which form the Bounds of the aforeſaid Figures, can produce Arches of 
Circles? Therefore if this be conſidered, tis plain, that the Bounds of the afore- 
ſaid, and all ſuch other Figures, are compoſed of a number of right Lines, 
which make very large obtuſe Angles ; and therefore they are either regular 
Polygons, or parts thereof; and tho* they come very near to the Bounds of 
Circles, or Ellipſes of the ſame Diameters, yet in fact they are neither. But 
however, as *tis cuſtomary to call them Arches, I will therefore do ſo to, in the 


following Problems. 
g Pros. IX. Fig. A C, Plate IV. 
To deſcribe a Semicircle by the Inter ſection of right Lines. 
LET ac be the given Diameter. - 


Operation. Biſect ac in h, whereon erect the Perpendicular B f, equal to a 6, 


by Pros. X. LECT. III. Divide the Angle 5 bc, into two equal parts, 
by the Line 3 e. Divide 6 c into 7 equal part., and make h̊ e equal to g. of thoſe 
parts. Draw the Lines he and ec, which divide into any number of equal 
parts, as in Prog. VII hereof, and then drawing the Lines « 1, 1 2, 2 3. & 
they will form the Quadrant h4 ac. Proceed in the ſame manner, to form the 
Quadrant @ +, and it will complete the whole as required. 
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| ö;ö⁵ TT AB. Plate IV. : 
To deſeribe a Scheme Arch, without any 1 | nn being had to its Center. 
Lz r @ c, be the given Length of its Chord Lane, and one half of the Perpendi- 
2 p e Pil 2 and erect the r ual to he give 
peration. Biſect a c, a 1 7 to twice the given 
. Draw the Lines a6, and 5c, which, as in red VII, divide into 


peru. and draw right Lines of Interſection, which will complete the whole 


as required. | | | 
EIN», Pros. XI. Fig. AD, and AE. 5 
75 duſtribe 4 Gothick Arch for the bead 7 a Door or Window, by the In- 


3 ter ſaction oy Ines. 
LeT @ & 15 A D, be the given B th, and 2c, the given Height. 
Operation. Make à g, equal to the given Breadth, which biſect in c, where- 
on ere the Perpendicular c, equal to the given Height. Draw @ 6, and 64 
allel to ce, and each equal to half ec. Draw the Lines , and cd. Di- 
| vide the Lines ab, bc, e d, dg, each into equal parts, as in Pzos. VII. and 
draw the interſecting Lines, which will complete the whole as required. 
| Fig. A E, is another Example, whoſe Height is leſs than Fig. 3 D, but its 
Conſtruction is all the ſame. | AER SIE HY 
Note, If "tis required to have the Curvature of the Hanſes of theſe kind of 
Arches, to be more or leſs flat, the Height of the Lines @ 6 and 4g, mult be 


encreaſed or decreaſed at pleaſure, which a very little practice will make you 


| Pon. XII. Fig. A G. Plate IV. | 
| To deſcribe a Gothick Arch, compoſed of real Arches of Circles, 
Lr ng be the given Breadth. ; | 
_ Operati 
og, deſcribe the Semicircles gm and on. On the Points og, with the Ra- 
dius mg, deſcribe the Arches gr, mtr, © 7. and ng. From , thro o, draw 
the Line go d, at pleaſure. Alſo from - thro' . draw the Line 2m at plea- 
ſure ; alſo, on the Points g ander, with the Radius g o, more og, deſcribe the 
Scheme Arches on each fide of e, which will meet the aforeſaid Semicircles, at 
the Lines br and 4g; and then will » £ g be the Gothick Arch required. 
Note, The Arches abc, and c df, are concentrick to the former, as being 
_ deſcribed at any given diſtance on the ſame Centers. 
A GoTuaick Arch may alſo be deſcribed, as in Fig. AF, as follows. 
LsT co be the given Breadth. 8 


Operation. Divide © 0 into five equal parts. On the firſt part, at each end, 


ns on 6 and , with the Radius u o, d the Semicircles c de, and 1e. 
| On the Points nb, with the Radius 0 6, deſcribe the Arches J g, p, and 
# þ, 0 9, interſecting each other in the Points p and ; from whence, thro' the 
Points 5 and =, draw the Lines q 6 f, and pn i, at pleaſure. On the Points 
and g, with the Radius p, deſcribe the Arches / #, and 44, interſecting 
other in #, which will complete the Arch, as required. 


Note, The concentrick Arch, 2 f + i f, is deſcribed on the ſame Centers as h », 


5 PR oB. XIII. Fig. C. Plate V. 5 

To deſcribe an Arch, 1 N Height is greater than half its Chord Line. 
LzT e be the given Breadth, and e 6 the given Height | FR" 
Operation. Biſect e in e, and thereon ere& the Perpendicular e a, of length 
at pleaſure. Make e equal to the given Height; alſo 6 a equal to eb, and 
draw the Lines e @ and æ d, which divide into equal parts, and draw the inter- 
ſecting Lines, which will form the Arch as required; and which Is of very 
reat ſtrength, and much ſtronger than a Semi-Ellipſis of the ſame Breadth and 
_ . Height, as I ſhall demonſtrate to ycu hereafter, when 1 come to explain the 
_ v.revgth and Abutments of all kinds of Arches. - 


Divide = g into 3 equal parts, at m o, whereon with the Radius 
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Pao. XIV. z. | Feb 
To deſcribe a rampant Semicircular Arch, by the Inter ſertiom of right Lines. 


ven ___ of the Ramp; and draw the oblique Line  p. Pros. K. 


LECT, III. divide the Angle e = a, into two equal parts, by the Line # f. 
Divide =, into ſeven equal parts, as in PxoB. IX. hereof, and make F equal 
to nine thoſe parts. q e, equal to @ *, and draw the Lines e f, 9. 


on the Points 6 and e, find the point of Interſection c, by making ec equal to 


„and fp, into equal and draw the interſecting Lines, will com- 
3 j ade 4.0458 ry a - mY 


3 Pos. XV. Fi. AL, Plate IV. 
Te deſcribe a rampant dan Eig. by the Interſefion of Lines. | 
Lzr eh be the tranſverſe Diameter, TA equal to half the conjugate Diameter, 
and à h the Height of the Ramp. | | 
Operation. Make c equal to the given Tranſverſe Diameter, which biſect 
in g, whereon erect Perpendiculars, as g d, at pleaſure. Draw c @ and eb, 
2 187 of length at pleaſure; make c 5, equal to the given * the 
amp ; alſo make 5. and 5 e, each equal to half the given conjugate Diameter; 
and draw the Line ae. Divide b 4, ad, de, and eb, into equal parts, and 
draw the interſecting Lines, which will complete the whole as required. 


| Pros. XVI, Fg. A H, and AK, Plate IV. 5 
To deſcribe a rampant Circle, and a a Zlligſi, by the Inter ſefion of right 
| nes. | 
Firſt, to deſcribe the rampant Circle, Fig. A H. 
Lz 4, be the Diameter given. | 
Operation. Make g i, —_ to df, and by Prob, III. hereof, complete the 
Rhombus a cgi. Biſet acinb, ci in ½, ag in 4, and gi in +; then di- 
vide ab, bc, , fi, ih, hg, gd, and d a, into equal parts, and draw the 
interſecting Lines, which will complete the whole as required. 
1 IT. To deſcribe the rampant Ellipfis, Fig. AK. | 
Lare be the tranſverſe, and 5 þ the conjugate Diameters ; alſo let tho 
le d i b, be a given Angle. 
ation. Make 10 | toed, and the Angle 4 i b, be equal to the given 
Ws 1 — com ete the Rhomboid @ c gi, whoſe ſides and 
biſe& in the Points e564 b. Divide ab, be,cd, di, i b, hg, ge, and 
ea, 83 and then drawing the interſecting Lines, they will com- 
whole, as required. ; | | 


3 Prong. XVII, Fig. A, PlateV. _ 
Jo deſcribe a rampant Scheme Arch, by the Inter/efion of right Lines. 
| Lew ed be the Chord Line, or given Breadth, c f the given Height of the 
Arch, and e a the Height of the = 5 
Operation Make e 4, equal to the given Breadth, which biſect in g, whereon 
erect the Perpendicular g 6, of length, at pleaſure. Draw e à parallel to g 6, 
and equal to the given Height of the —_— Draw the Line ad, and make fc 
and c, each equal to the given Height of the Arch. Draw the Lines 26, 
and 5d, which divide in equal parts, and drawing the interſecting Lines, they 
will complete the whole as required. 
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PR OR. XVIII. Fig. B.. Plate V. | 
. To deſcribe a rampant Gothick Arch, by the Inter ſeckion of right Lines. 
Lz r ie, be the given Breadth and g 6 the given Height Fry | 
biſect in * whereon e- 


Operation. Make ie equal to the given Breadth, which | 
rect the Perpendicular Jh, of length at pleaſure; from the point B draw the Lines 


ia, and ed, parallel to fb of length at pleaſure ; make 7 equal to the given 


height of the Ramp, and draw the Line B make 54 and d, each equal to 

hal? the given height, alſo make c 5, equal to cg, draw the Lines ab, and 3 4. 

Divide the Lines à b, à 6, alſo bd, and d e, each into equal parts; and draw the 
interſecting Lines which will complete the whole as required. | 


' > Pros, XI. Fin. D. Plat V. 
 * To deferibe a rampant Semi-circle by Ordinates. | 
LerT ce be the given Diameter, and 9 a, the Heighth of the Ramp. 


ation. Make gd b, equal and parallel to the given Diameter ce, on the nts 
ce, erect the Perpendiculars c a, and eb, each of 


m_—_ at pleaſure. Divide the 
Diameter ce, into any Number of parts either equal or unequal as at the points 
I 468, Sc. On / with the radius /c, deſcribe the Semi-circle c 4e, and from the 


ure. ke g a equal to the height of the Ramp, and draw the Line à 6. 
the Ordinates 1 2, 43, 65, 87, Cc. in the Semi- circle D, and ſet them on the 
Line ab, from 1 to 2, from 4 to 3, from 6 to 5, from 8 to 7 , Cc. and from the 
point a, through the points a 235 7F, Cc. trace the Curve 2 f b, the ram- 
t Semi- circle required. | | 585 | 
Fig. E. is a given regular Scheme Arch, from whoſe Ordinates, the rampant 
Scheme Arches Ag /, Kl, and np, are produced at different Heights, of ram- 
ping, as /, B, and J, where every reſpective Ordinate, are equal in each, 
unto thoſe in the regular Scheme Arch a 5c, Fig. E. 80 
Fig. F. is a given regular Semi-Ellipſis, from whoſe Ordinates, the rampant 
Semi-Ellipſes Fg e, and / mi, are produced, at different Heights in the ſame 
| PRO R. XX. Fiz. G, H. Plate V. | 
1 To deſeribe a Parabola. Mr | 
| Note, When a Cone has a Section cut parallel to its Side, the curved bounda- 
ry of the Superficies, made by the Section is called a Parabola. 
LET x ff, be a given Cone, and 6 e, the Perpendicular of the given Section. 
«.  Operation., Biſect the Diameter of the Baſe /, in , and from x the Vertex of 
the Cone, draw æ p, its Axis, which continue downwards at pleaſure towards «, 
in Fig. I. in any part of the ſaid Line x p, continued, as at 5, draw 1g. parallel 
to ff, and make 5 x, equal to 3 . Divide 6 e, into any Number of equal parts, 
ſuppoſe four (but the more, the better) as at the points opms; and from thoſe 
Points draw right Lines parallel to the Baſe %, meet the Side of the 
Cone in the points gr þi#. Allo divide 5 x, in Fig. H. into the ſame Number 
of equal parts at the points 1, 2, 3, 4, and through thoſe points draw right Lines, 


to the right and left at pleaſure, and parallel to J. In Fig. I. make 5 » equal 


to fp, the Semi-diameter of the Cone, and with the Radius » 5, an the point , 


_ deſcribe the Circles Ia m b, on in Fig. I. with the radius's 4, i a, bu, eg 9, 
in Fig. G, deſcribe the Circles 4 f'g 7, and from the points op my, in Fig. G. 


draw right Lines lel to x = d, interſecting the outward Circle in Ng. I. in 
the points a, 65, the next in the points 4, the next in the points ef, and the 
next in the points 5 g, ATI the Diameter In. in the points opg. Then 
will the Lines ab, cd, ef, hg, E, be the ſeveral Ordinates of the Parabola that 
paſſes through its Perpendicular, at its divided Points, 1 234; and therefore 
making 5 J, 59, each equal to oa, or 06, in Fig. I. alſo 42, 4 x, each equal to 
cn, or nd, al 37, 3t, each equal to p e, or p f, alfo 2x, 25, each equal to 
bg, or 2g, and from the point / in Fig. H. through the points zy xz5tu to 


ts 14 68, Cc. draw right Lines parallel to the Line ca, of length at plea- 
Fo : 85 bak 


Note. 


eee I 


Fi 


Mere. It is to be obſerved, that to deſcribe the upper part of the Curve with 
tis neceſſary to find the points 7 and uv, as following; divide bt, on 
be, in Fig: G. in two equal parts in o, and draw or parallel to x 4, alſo divide 
& 2, on the Line x 4, in Fig. H. into two jt Peru at 1, and draw or, pa- 
rallel to æ 5; on with the radius i pn, in Fig. G. deſcribe. the Circle 4 i, and 
from the point o draw the Line o & i, parallel to x 4, cutting In, in the point 
r, make 1 7, 1 a, in Fig. H. each _ to Ar, and through the points g a, 
trace the Curve. By the ſame Method you may find more points if required. 


Pa oB. XXI. Fig. K, L. M. Plate V. 

1 Po deſcribe a Hyperbola. 98 3 

Note. When a Cone has a Section cut parallel to its Axis, the curved da- 
ry of the Figure, made by the Section, is called a Hperbola. 1 : 
LET ac F be the given Cone, and 4 n, the Perpendicular of the given Section. 

_ Operation. Biſect the Baſe ch, in r. Continue the Axis @ 7, downwards at pleaſure 
as to win Fig. M. and in any york thereof, as at 5, draw y x, parallel to c 6, and 
make 5 » equal to 4. Divide 4, and 5 m, each into the ſame Number of 
equal parts az at x fg e, and 1 234. From the points e x fg, draw right Lines 
parallel to ec b, cutting the Side of the Cone in the points 7 4 / m. Make 5" 
equal to c t, and through the point #, draw the Line or, parallel to y x, and 
qual to c; on the point a, with the radius cr, deſcribe the Circle o5 fn; 
ſo with the radius's ms, Ir, & g, and ip, deſcribe the Circles pqrs. Con- 
tinue 4 * the Perpendicular of the Section parallel to the Axis à u, interſecting 
the ſeveral Circles in the points ab&cde ghikl. Through the divided points 
1234, in the Line 5, Fig. L. draw right Lines parallel to y, to the 
right and left at pleaſure, Make 55, and 5 x, in Fig. L. each equal to Fa, or 
#7 in Fig. M. alſo make 4,8; 4, 12; each equal to fb, or fk, allo make 
3» 73 3, 11, each equal to fc, or Vi, alſo make 2, 6; 2, 10; each equal to fd 
or V; and laſtly make 1,5; 1, 9, each equal to half eg, from the point 
y through the points 8, 7, 5, 5 mg, 10, 11, 12, to x trace the Hyperbola required. 


PRO. XXII. Fig. N. Plate V. 15 
Upon a given right Line to deſcribe 5 from a Hexagon to a Duodecagon. 
| 8 LET 22, be the given Line. I ip 
Operation. Biſect the Line 2 x, in the point o, whereon erect the Perpendicular 
m, upon the points à and a with the radius a= ; deſcribe the Arch x », which 
divide in fix equal parts at the points 12345 make x6, equal to x , alſo 
xm to x5, xi tox4, xetox 3, xd, tox2, and xc, to æ 1. en wi 
the points xc 42; 6, be the Centers of the Circles 6, 7, 8, 9, 10, 11, 12, which 
are capable of containing the given Line, fix, ſeven, eight, nine, ten, eleven, 
and twelve times, and therefore will be a Hexagon, Septagon, Octagon, c. 
Bur to make this more intelligible, I will illuſtrate each Polygon ſingly in 
the following Problems. 5 = ot 


ee, a6 4 FEEL 
To deſcribe a Pentagon, whoſe Sides ſhall be each equaltofy, a given Line. 
Operation. On the points g and /, with the Radius fg, deſcribe the Arches g, 
and ; make , equal to n, the chord Line of one ſixth part of the Arch 
» f, and on x with the radius z /, deſcribe the Circle a 6 ; then making fa, 
4 6, bc, cg, ga, each equal to g f, draw the Lines af, F, bc, and cg, which 
will complete the Pentagon as required. | i | 


85 PA OR. XXIV. Fig. B. Plate VI. 
n To deſcribe a Hexagon, whoſe Sides all be each equal u h g. 5 
Operation. On the points and g, with the radius hg, find the point of Inter- 
ſection , whereon with the radius » g, deſcribe the Circle a bedg h, make ba, 


ab, 
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ab, be, ed, de, andef; each equal to bg, and draw the Lines 5 4. 4 l, be, 4 
cd, de, and ef; which will cm the Hexagon t required.” ue) 
| 2 /Pa6n. MV. Ag; ©. A tha 
To deferibe 4 Heptagon or Septagen, whoſe IDE on rb gr fond _ 
1 | as ae 0 


| y 1. 

Operatio. Hiſect 5, in æ, whereon ereft the Perpendicular æ 7, on the þ the 
with the radius , AAeribe the Arch 5, e eons Bel pare oFeke 
cord Line of the Arch ys, on x ; with the radius x /, deſcribe the Circle y a 3 7 ſixte 
def, wherein from the point , ſet the given Line 5% from y to a, from a to 3, | 
from 3 to 7, Ce. and drawing the Lines 5, 4 3, 3 7, Cc. they will complete 

Sepragon'as required, eos N | 


che 
| | | 54S | | Ton 
5 Ag, an ge, cakes Site hell be ouch Eg green Lane x py, Wl 
an , + Sides foal be each equal to 4 Line at pq. 
ation. Diſc pe in , whereon- erect the l e, on this 1 2 
, with the radius g p, deſcribe the Arch p x make xr, equal to xm, the chord alſo 
Line, of one third part of the Arch px ; and on 7, with the radius 75, defcribe 2, d 
the Circle abcdefq p, wherein ſet the given Line g 4 from p to @ from à to 5, ac, 
from'b to c, Sc. and drawing the Lines p a, 46, bc, &c. they will complete draw 
the Octagon, as required, | jo HEY 2 to or 
Babette M ge e ee be 
0 de "an Nonagon, whoſe Sides to a given Line at ef, © mad 
Oe Niſect %. 12 erett the Fer — hd, on /½ with Circ 
the radius Fr, the Arch # a: ww erat; > to the chord Line of half tain 
the Arch ea, 23.423 on with the radius df, deſcribe the Circle r g m 2+ gon, 
4 9 b hey wa wenn ee r, Wc. and 
rawin ines t, i, r. Ve. co Nonagon as required. | 
Gs PRO. XXVII. Pig. F. Pla- „ 8 To 
| To deſcribe a Decagon, whoſe Sides ſhall be equal to a given Line as p e. kno 
Operation. On e and gj, with the radius e p, detcribe the Arches 2 p, and as, of the 
and on a ere the Perpendicular æ * make a c equal to the chord Line of two Ti 


third parts of the Arch ap, and on the point e, with the radius e p, deſcribe the of an 
node bi e. jereirt ſet the given Line pe, from 5 to 2, from & to g, of al 


from g to 5, Qt. and drawing the Lines px, ng, g, Cc. they complete the a Dex 

Decagon as requ | 7 on | Te 

| PxosB. XXIX. — G. Plate VI. s whoſ 

To deſcribe an Undecagen, wohoſe Sides ſhall be equal to a given Line as e the N 

Operation. On the points and 4, with the radius 4e, deſcribe the Arches ea prope 

and 4 a, _ 7 Line of five ſixths of the Arch 4, on the ever) 

point g; with the radius g e, deſcribe the Circle ; #7 m, Ic. wherein ſet the LE 

1 given ine ed, from : to i, from i to 4, &c. and drawing the Lines e 7, i#, vp 
| Dc. they will complete the Undecagon as required. | rs 
l ro LIE... I 
17h o deſcribe a cage, des | to a gi im as g f. en 
Operation. Make g 3 a ck equal weſ, on with the radius bY de- pil: 


ſcribe the Circle g 47 4, &c. wherein ſet the given Line 7 from g to þ, from Fi 
, 


Operation, 


k | 5 to i, from # to 4, Cc. and drawing the Lanes gb, bz, ih, Cc. they will zh, : 
1019 complete the Duodecagon as required. | / 1 an 
| | Havinc thus ſhewn the Conſtruction of each who's ſeparately, you will 2 
5 rv, how to make any Polygon from to twenty four Sides, Nears 
y the following | | f mM, 1 
| 8 We Fig. 1 8 ö 4 
| o make a Polygon of avy numbrr of Sedes from tabelve to taven ur, a given G 
| | 1 8 2 tbe, deſcri 


: 8 — a _ a 1 


— 
— — 
* 
U 


Ing : ” - 22 2 4 8 5 
wy 5 I 8 RF. FN 75 n 4 4 oF 3 ” bf 52 N N ; 5 . 
R 5 5 AS, ; 2 f 
: x " F . * 5 * 


Operation. Biſect 5 c, in 4, whereon erect the Perpendicular 4, a, 24, of length 

at , on the point e deſcribe the Arch & @, which divide into 12 equal parts. 

as many of the 12 parts of 5 a, as are ſides in the Polygon required more 

than twelve. 9 for example, a 47 of ſix Sides; upon the point à with a 
radius equal to four parts, deſcribe the Arch 12, becauſe the 12 ee in the Arch 
ba, and the dur ſet from a to 2, are equal to 16 parts, Upon the point 2, with 


the radius of 4 parts, deſcribe the Arch c 8, on the point 8, with the radius 8 c 


deſcribe the Circle 16, the Circumference of which will contain the given Line 6 c 
ſixteen times, and thereby complete the Polygon as required. - 
0. The like is alfo to be performed for any other Pohgon. 


©, Prom. XXXIL Fig. I. Plate VI. | 
To make an equilateral Triangle, Geometrical Square, Pentagon, Hexagon, Septa- 


Octagon, Nomagon, or Decagon, within a given Circle. 
3 NY * sT Ida x, be the given Circle.” | 


Weration, Draw the Diameters i a and 4z, at right Angles to each other, 
alſo draw the Line 4 a, which biſect in the point 2, and from 4 through the point 


2, draw the Line 52 5; through the point 2, draw cn, parallel to 4x, or make 
ac, and a m, each equal to 44, alſe draw ba; make ae, equal to 24, and 
draw 4e, divide the Arch mac, into three equal parts, and make * equal 
to one of thoſe parts. Then cu, is the Side of an equilateral Triangle; da, of 
a geometrical Square; 4 e, of a Pentagon; 4 h, of a Hexagon; fn, of a Heptagon 
ba, of an Octagon; m x, of a Nonagon ; and e, of a on; which may be 
made within the op Circle, idaz, or Circles equal thereto; as in the 
Circles, KLMNOP, which are each equal to the Circle Fig. I. and which con- 
tain the following Polygons, viz. In the Circle K is a Pentagon, in L a Hexa- 


gon, in M a Septagon, in N an Octagon, in O a Nonagon, in Pa Decagon. 


- Pros. XXXIII. Fig. AD. Plate VI. 

To deſcribe any regular Polygon on a given Side, by help of the Line of Chords, and 
knowing the iu of Degrees contained in an Arch, whoſe chord Line is the Side 
of the given Polygon. L 

Tas number of Degrees contained in an Arch, whoſe chord Line is the Side 
of an equilateral Triangle are 120, of a geometrical Square go, of a Pentagon 72, 
of a Hexagon 60, of a Septagon 51 by ot an on 45, of a Nonagon 40, of 
a Decagon 36, of an Undecagon 32 Fr, and of a Duodecagon 30 | 

To prove that the aforeſaid Degrees are the quantity contained in an Arch, 
whoſe Chord Line is the Side of a Triangle, geometrical Square, c. Divide 360, 
the Number of Degrees in a Circle by the Number of Sides contained in the Figure 
propoſed, and the Quotient is the Number of Degrees contained in the Arch of 
every ſuch Chord Line, which is the Side required. | | ; 

Le r it be required to deſcribe a Pentagon as Fig. AD. N 
Operation. With 60 Degrees of your Line of Chords, on æ deſcribe the Circle 
425 4 i b, make ab, b d, di, ih, and ha, each equal to 72 Degrees, and draw 
the Lines a 6, b d, 47, ih, and ha, they will complete the Pentagon as required. 

Note. If yaur Line of Chords ſhould be of too large or too Traall a Radius, 
_ proceed as follows, wiz. ſuppoſe tis required to deſcribe the ſmall Pentagon 

In. | 
f FixsT. Complete the Pentagon, @ bd i h, as before taught, and draw the Lines 
zh, za, zb, x d, and x i. Biſect any Side of the Pentagon, as 64, in 2: make 
z t and a each equal to half one Side of the given ſmall Pentagon, and draw ? , and 
w#, at right angles, to @ 6, meeting the Lines az, and 6 x, in the points p ard 4. 
Make x /, x, = m, each equal to x &, or x , and drawing the Lines /k, 4, 
fm, mn, and 11, they will complete the Pentagon as required. 
Ex AMrIE II. 


Ac ai, ſuppoſe the ſmall Pentagon p41 n is given, and 'tis required to 


Ceſcribe the large Pentagon 40 d i b, with a ſmell Line of Chords. 
9 d FizsrT, 
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tagon at both ends, at pleaſure, as the Side 4%, towards g and 73 biſect % i 


a2 Decagon 144, in an Un 147 Fx, and in a Duodecagon 150. 


| ſcribed. 


Ii, and 4% in the Points of Contact þ and c, and therefore is inſcribed, as n. 


4 r * * * ** 
1 92 I ern „ n rn enen MISS! "07 
SEN UTE, 3 FF 1 2 Fe 
' 3 RAS RES 445 7 * N 8 * Y 15 BAT £ 37 


9 8 K * 
82 N 2 Þ 3 IO w 2 
3 x e Pe 
* 2 2 . N F 
* * * * da . 
9 * 5 


Fixsr, com the ſmall Pentagon, and from its Center draw 155 ke Line 
through the —— 3 Continue any Side of che {mall Pen 


s: make 5g, and r, each equal to half of one Side of the large Pentagon. Draw 
the Lines gb, and ra, at right Angles to 9”, and continue them to meet the 
Lines 2 a, and æ 6, in the points à and 4; make = d, i, and z h, each equal to 
z b, or x a, and draw the Lines a6, 6 d, di, i b, and b a, which will complete 
the large Pentagon as required. | | N 2 
| ProB. XXXIV. Fig. R. Plate VI. TY 
To deſeribe any Polygon, on a given Side, having the Number of Degrees given, that 
e are contained in each Angle of the P „ 
Tur Number of Degrees in the Angle of a regular Pentagon are 108, in a 
Hexagon 120, in a Septagon 128 4, in an Oftogon 135, in a Nonagon 140, in 


Lz r a6 be the given Side. . 1 
Operation. On points a and 6, with 60 Degrees of Chords, deſeribe the 
Arches g f, and hi; make h x, and g x, each equal to o „and zi, and 
xF, each equal to 18 3 then will the Arches g f; and i, be each equal 
to-108 pk mg through the points F and i, draw the Lines ae and b a, e· 
qual toa 6b, by Pros. XI. LEC T. III. make the Angles a c, and ban, 
each equal to the Angle a ba, and draw the Lines e ar, and @ u, which will meet 
wy and complete the Pentagon as required. And ſo the like for any other 
Olygon. > | | . 
| Toe Number of Degees, that are contained in the Angle of N - ; 
or 


found by ſubtracting the Number of contained in the Arch, wh 


is 2 of the Polygon, from 180, and the remains is the quantity of the Angle 


= |  ProR. XXXV. Fig. Q. Plate VI. | p 

To find the Radius of a Circle capable to contain any Polygon, whoſe Sides ſhall bt 
each equal to a given Line, as ac. 

Operation. Biſet ac in 5, whereon erect the Perpendicular, 6 m make a6, 
equal to ac, and on + with the Radius + a, deſcribe the Arch @ 4c, which divide 
into 6 equal parts at the points 1 2 4 3 4, make 5, no, bp, pg,g7r,75, 57, and 
tn, each equal to the chord Line of the Arch an, ap, ag, ar, as, at, am, al, 
and draw the Lines @ o, which are the Semidiameters of Circles that will contain 
all the Polygons from a geometrical Square unto a Duodecagon, wiz. the Line a, 
is the Radius of a Circle that will contain a geometrical Square, the Line an, 
the Radius for a Pentagon; @ b, for a Hexagon; ap, for a Heptagon; ag, for 
an Octogon ; @r, for a Nonagon; 2, tor a Decagon ;z @?, for an Undecagon; 
and am, for a Duodecagon. In tha like manner any greater Number of equi 
parts being ſet above n, all other Polygons of more Sides than 12 may be de- 


LECTURE V. | 
On the inſcribing and circumſcribing of Geometrical Figures. 


| Paos. I. Fig. T. Plate VI. 
To inſcribe a Circle, as © a b, is any right-lined Triangle, as il k. 
9 By Pros. XI. LECT. III. divide any two Angles of the Tr. 
angle, by Perpendiculars, as 54 and 4e, interſecting each other in i 
from whence, by Pros. VIII. LECT. III. let fall a Perpendicular, as f « 
on ; with the Radius F a, deſcribe the Circle @ ô c, which will touch the fie 


quired. 
Pao. II. Fig. S. Plate VI. | 
To inſcribe a Circle, as nme, within @ geometrical Square, as bc ad. 

| 5 Operatioi. 


ene. 
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eration. Draw the diagonal Lines ö 4. and 4 c, from the Center 5; let fal! 


the wdicular + e on the Center 3, with the Radius 5e, deſcribe the Cir- 
cle » / e, which will touch the ſides in the Points I m e, and therefore is in- 
ſcribed, as required. LA WER 

4 Pao. III. Fig. V and W. Plate VI. . 
To inſcribe a Circle, as h k li g. <vithin any regular Polygon, as the Penta- 
| | 8 | 


| ? . a b d p 
Operation. Let fall a 1 from the Center d, to any fide, as 4 g, on 
e with the Radius 4g, | 
_ in the points of Contact, 5 1 / ig, and therefore is inſcribed, as re- 
uired. | 
Fig. W. is a ſecond Example of a Hexagon, which hath a Circle inſcribed 


within it, in the { : ras 
a Pon. IV. Fig. X. Plate VI.. 1 . 
To inſcribe @ geometrical Square, as ef 1 within any right lined Triangles, 
. 5 as a hc. 


| Operation. On the point c, erect the Perpendicular c x , equal toc B. From 


che angular point a, draw ag, parallel to x c, meeting the baſe be, in g. 
Draw æ g, cutting ac in ; —— 12 parallel to ag : alſo Fe, parallel to 
bc, and ed, parallel to F =; then will , dx, be a geometrical Square, inſcri- 
bed within the Triangle à 6c, as required. 3 | | 


; | : 1 Pros. * * 6 Fig. V. Plate VT. | 
To inſcribe an equilateral Trianzle, as a b e, ina geometrical Square, as cadg. 
Operation. Draw the Diagonal ag, which biſeR in =. On 2, with the Radius 


u na, deſcribe the Circle cadg; on g, with the Radius g =, d&ſcribe the Arch 


h n f. Draw right Lines from à to h, and tof; which will interſect the ſides of the 


Square cg, and dg, in the points & and e. Draw the Line 6 e, and the Tri- 


angle ab e, will be equilateral and inſcribed, as required. 


| : Pros. VI. Fig. AD. Plate II. 

To inſcribe an equilateral Triangle, as : e ö. within a regular Pentagon, as 

ES AOY | abdih. : 
Operation. Biſect any fide, as 5 i in two, and erect the P icular 2 53 


alſo divide the Angle 4 51, into two equal parts, by the Line + x, cutting 6 


in x, the Center of the Pentagon. On b, with the Radius 5 K, deſcribe the 
Arch x z c; divide the Arches xz, and zc, each in two equal parts, in the 


Points o and m, through which draw the Lines bo e, and 3 mg ; alſo draw 
the Line g, the: will 3 


e g, be the equilateral Triangle inſcribed, as required. 
Pros. VII. Fig. A. Plate VII. 


7 inſcribe a regular Pentagon, a: n d e h k, within an equilateral Triangle, as 


a1u. | | 

Operation. Let fall the Perpendicular a l, on v; with the Radius v:, deſcribe 
the Arch its o, at pleaſure. Draw v p, perpendicular to v1, cutting the Arch 
1e, in p. Divide the Arch i p. into 5 equal parts, and make po equal to one 
7 and draw the Lines ao and wo, Biſet wo in /, and draw the Line 


#, continued to ; make va equal to if; and draw the Line @ 4, cutting the 


Lineao in B. Make 4 x, equal to 4 bh. Make d, and he, each equal to 


| #h, and then drawing the Lines 4», 5 e, and de, the Pentagon » deb l, 


will be inſcribed within the Triangle 3 4 v, as required. 


3 Pos. VIII. Fg. C. Plate VII. 
To inſcribe à geometrical Square, as c bhf, within a Pentagon, as daeng. 
328 Draw the Lin: 4e, and e 4, at right Angles thereto. Make el 
equal tg ed, and draw the Line a &, which will interſect e g, the ſide of the 
| 7 Pos * Pentagoy 


eſcribe a Circle, which will touch the ſides of the 


. ſcribed, as required, 
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Pentagon in . Draw fh parallel to »g. On the Points F and B, erect the 
Perpendiculars fb, and hc, meeti the fides of the Pentagon à 6, and ad, in 
the Points c and 6. Draw c 6, — cb will be the Geometrical Square in- 


Paas: R. ] 
To find the fides of a Penta - Decagon, or regular Polygon, of 15 ſides, which 
| may be iſerited within a given Circle. 27 
Lxr 44a. be the given Circle. | wy | 
Crore. By PrxoB. XAXXII, LECT. IV. inſcribe the equilateral Tri- 
angle 


a 4 g, and Pentagon c a bf », ſo that one Angle of each Figure, meet 


in the Point @ : then will Fg, or 1 d, be one third part of fb, or c; and as 
F 6, and nc, are each one fifth part, therefore » 4 and fg, are each one fif- 
teenth part, as required. | | | 
5 Pros. X. Fig. G. Plate VII. | 

To circumſcribe a Circle, as ahce, abet a geometrical Square, as 

| abce, 7 

Operation. Draw the Diagonals, and on the Center 4, with the Radius a 4, 
deſcribe the Circle abc e, as required, | ? | 


Pros, XI, Fig. E. Plate VII. 5 
To circumſcribe a geometrical Square, as a be d, about a given Circle, as 
fie. | | 


| Operation. Draw two Diameters at Sight Angles to each other as fe and gi. 
Thro' the Points fe, draw the Lines à 5, and c d, parallel to g i; alſo thro' 


the Points g and i, draw the Lines à c and 3 d, parallel to fe, which will 


meet each other in the Points ab c d, and form the geometrical Square, cir- 


cumſcribing the Circle as required. 


Pros. XII. Fig. F. Plate VII. | 
To circumſcribe a Pentagon, as cba e d, about a Circle, as x w hf g, and a 


Circle about a Pentagon. 


Operation. Firſt, by Pros. XXXII, LECT IV. deſcribe the Pentagon 


ch a ed, within the given Circle, and biſect its ſides in the Points x w hb fg, to 
which, from the Center z, draw right Lines to meet the given Circle in the 
Points c ac. Draw the Lines dc, cb, ba, a e, and ed, and they will 


_ dorm the circumſcribing Pentagon, as required. 


Seconaly, biſect any two ſides, as ab and bc, in the Points 5 and w, from 
which draw two right Lines at right Angles to thoſe fides, which will interſect 
each other in z, the Center of the Pentagon, whereon with the Radius z a, 
deſcribe the circumſcribing Circle c a e &, as required. | » 


Pros. XIII. Hg. C. Plate VI. 
| To inſcribe any Polygon within any Circle. 
LzT it be required to inſcribe the Septagon à 37 4 e fy. 
| GENERAL RULE. - | 


Draw the two Diameters æ 6, and 2 e, at right Angles, dividing the | 
f theſe rants, into the ſame num- 
ber of equal parts, as there are ſides in the given Polygon; then four of thoſe 


Circle into four Quadrants. Divide any o 


arts, will be the fide of the Polygon that may be inſcribed, as required: ſo 
here the Arch = 7, being divided into 7 equal parts, the fide 3 7 contains 4 


Pros. XIV, Fig. D. Plate VII. 
To circumſcribe any regular Polygon, about another Polygon of the ſame kind. 
LET it be required, to circumſcribe the Hexagon eca/ixe, about the 
Hexagon dbmk hf. | | | EE: 
: Ope ratzon. 


Parts. 


Dd B20 ©B % % 64 


2e 


. 


ein. 


pe 


as required. 
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Jon. Draw the diagonal Lines 41, bb, mf, to which draw 


| 1 Lines at right Angles, as e c, c a, 4, and xe, which by their meeting 


in the Points ec@/ix, will conſtitute the circumſcribing Polygon, as re- 


uired. | | 
* Pros. XV. Fig. H. Plate VII. 
To circumſeribe a Pentagon, as 0a cy x, about a geometrical Square, as I 5 yaw, 
Operation. Continue the fide w 5, towards 4; biſect 5 / in i, erect the Per- 
pendicular i 6, on the Points wv and wv, with the Radius 5 7, deſcribe the Ar- 


ches gr and 5 f, at pleaſure. On the point 5, with the Radius 5 7, deſcribe the 


Arch #4 ; which divide into arts, at the points 5 f Fe. Make the 
Angles i 5 a, and i Ia, each E. 5 * parts of 4. Make the Arches 57, 
5 71, each equal to one part, and continue the Line uur, towards à a 73 
alſo vf towards mand x; alſo a5 towards b, and a / towards p, which will 
interſe& each other in the points o and c. Make cy, and oz, each equal to 
a e, and draw = y, which will complete the circumſcribing Pentagon » @ cy x, 


Pron. XVI. Fig. I. Plate VII. 

To circumſcribe a Pentagon, as fa rf rv, about an equilateral Triangle, as 
Ts, ak p. 

Operation. On the angular Points a # p, with any Radius deſcribe Arches, as 

x0, 1hf, and edb. Divide the Arch 4c, into 5 equal parts, Make the 

rch c, equal to four parts of 4c. Thro' the Point 4, draw the Line 


a B; at pleaſure. Make the Arch ge, equal to the Arch c6, and thro'e 


draw the Line 4 %, at pleaſure. Make the Arch s o, and bf, each equal 
to the Arch 5 d. and from the Points & and p, thro' the Points F and o, draw 
right Lines both ways at pleaſure; which will meet the Lines ao, and 2 , in 


the Points o and f. Make or, and Fw, each equal to af, ot ao, and join vr, 


then will F aor wv, be the circumſcribing Pentagon, as required. 
Pros. XVII. Eg. Z, and AB. Plate VI. 


| | To gircumſeribe a geometrical Square, about any Scalenum, or Iſoſceles 7 riangle. 


H1s may be done two ways. 
LeT enb, Fig. Z. be a Scalenum Triangle given. 
ation I. Continue the ſide ex, towards 4, and thro' the angular Point 


b, draw the right Line à c, parallel to e 4. On e, ere& the Perpendicular a, 


to meet the Line ac, in the point a, Make ac, and ed, each equal to ac, 
and _ c d, which will complete the circumſcribing geometrical Square, as 
required. 

eration. II. Fig. AB. Draw ca, thro' the ang 
the fide x 1. From the Points » and x, let fall Perpendiculars to the Line 
ac. Make cm, and à b, each equal to e a, and join 3, which wil com- 


plete the circumſcribing geometrical Square as required. 


LECT. VI. 
Of proportional Lines. 


Pros. I. Fig. N. Plate VII. 


D d a mean proportional Line, between two given Lines. 
Mean proportiona! Line, is that which being multiplied into itſelf, its Pro- 
duct is equal to the Product of the two given Lines multiplied into each 
other, or it is the fide of a geometrical Square, whoſe Area is equal to the A- 


rea of a Parallelogram, whofe Length and Breadth is equal to the two given 


Lines. 

LeT d and g be the two given Lines. 

Oferation. Draw a right Line, as ac, at pleaſure, make à B, equal to the 
Line rd, and 6c equal to the Lines, Biſect acin x, and deſcribe the Se- 


micircle 


ular point 6, and parallel to 
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94 of -GEQMETRY. © 
mieircle a h e, on 5; erect the Perpendicular þ 5, which, is the mean pro- 
portional Line required. | | 55 | 992 | 
# i | Pros. IT. Fig. O. Plate VII. 
Tocut from a given Line, a part that 2 be à mean proportional between what 
5 | remains, and a Line 741 the Line n. 2 
Le r # be the given Line, and the Line propoſed. | 5 
Operation. Draw a right Line, as ag at pleaſure ; make a e, equal to the 
Line , and eg, equal to m. Biſet ag in r, and on , defcribe the Semi. 
circle a x g; and on : erect the Perpendicular ex. Biſett eg in , make 3c, 
equal to h x, then c e, the part cut off from @ e, equal to the given Line x, is a 
mean Proportional between c a, the part remaining, and the Line — my 
For making /z, in Fig. Q, equal to @ c, and 1 l, equal to ; and t 1 
circle 4 þ 1, being deſcribed, the Perpendicular i, (which by the laſt Prob. is a 
mean Proportional to the Lines 4 i, and i will be equal to ce, the part cut 


ct. | 
| C Fe VIE DS T7 Sp 
Two Lines being connected into one Line, and their mean Proportional 8 | 
being given, to find the Lengths of the given Lines, which are called Ex- 
treams. 5 | | 
Lzr ac, be the given Extremes, connected together without Diſtinction, 
and the Line 4, the mean Proportional. | 1 
Operation. Biſet ac in 6; on 6 deſcribe the Semicircle ag c on c, erect 
the Perpendicular i, equal to the Line 4; draw 7 g, patallel to ac, cutting 
the Semicircle in g. Draw g parallel to ic, which will divide @ c in +; 
then is ah, and bc, the two extream Lines required; for by Pros. I, bg is 
a mean Proportional to 2 5 and hc, and is equal to the Line 4 alfo, 


| Pay. IV. Fe ©. Fl SIT, 
Two right Lines being given, to find a third proportional. 
Lzr 4 and 5, a two given Lines, | | | on 
Operation. Make an Angle at pleaſure, as 4ne. Make ½ equal to 4, 
and = h, and f a, each equal to m, and draw the Line fh ; alſo draw the Line 
@ i, parallel to 5/7; then will 47, be the third Proportional required. 


| Pros. V. Fig. S. Plate VII. 
| Three right Lines being given, to find a fourth Proportional. | 
Ler the Lines 1 2 3, be three given Lines, and *tis required to find a fourth, 
which will be to 3, the third, exactly the ſame, as 2, the ſecond, is to the 
firſt. | on 25 
Operation. Make an Angle at pleaſure, as »g 5 make gf, equal to the 
Line 1, and gz, equal to the Line 2, and /, equal to the Line 3. Draw 
if, and parallel thereto, the Line 2; then will im be the fourth Proporti- 
onal required; for i m is to ig, the ſame as / is to fy, and therefore i, 
is to nf, exactly the ſame as 7g, is to fg. 
Note, This Problem is nothing more than the Golden Rule, or Rule of Three, geo- 
' metrically performed. © * | 1 


8 Pros. VI. Fig. T. Plate VII. | 
The mean of three Proportionals, and the 2 of the Extremes being gi- 
IDE | ven, to find the Extremes. | 
LeT bc be the mean Proportional, and ge the difference of the Extremes. 
Operation. On e ere the Perpendicular 74 of length equal to 3 c. Biſect 
e in h;; on h, with the Radius 5 4, deſcribe the Semicircle 4 4 @; and then 
1. and e a, are the Extremes require. wh 
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Pros. VII. Eg. V. Plate VII. 
To find the Extremes b and f, having two mean Propertionals, as the Lines g 


| - | and h given. 
Lr the ro Line g. be equal to 8, and the Line 4 equal to 4. | 
ration. Draw a c at pleaſure and on @ erect thePerpendicular a 6, which make 


ual to 8 the given Line g. Make a c, equal to twice a 6, and draw the 
Line 6 c e, out at pleaſure. - Draw c d, perpendicular to à c, and of length at 
ure; to which draw a parallel Line, at the diſtance of the given Line 5, 
which will cut the Line 6 c, in the point e; from which point draw the Line 
£ dn parallel to @ c, cutting the Line cd in 4; then the Lines ac, and c 4, 
equal to the Lines 5 and F, are the two Extremes required; for à c, equal to 
x 6, and cd, equal to 2, multiplied into each other, produce 32, the ſame as 


4 6, equal to 8, multiplied into 4 e 4, equal to 32 alſo. 


Pros. VIII. Fig. V. Plate VII. 

To find the tus Means g and h, having the two Extremes b and f given. 
Operation. Draw a c, equal to the given length of the Line 5, ſuppoſe 1 6, 
and ere& the Perpendiculars 4 6, and c4. Make © 4, equal to the given length 
of the Line f, ſuppoſe 2. Make a 6, equal to half 2c, and draw the Line 
Ge e, of length, at pleaſure. Thro' the point 4, draw the Line = e, parallel 
to ac, cutting the Line 6c, in e; then 2 5, equal to the Line g, and de, 
equal to the Line 5, are the two Means required. | 


Pros. IX. Fig. W. Plate VIT. | ; 

| To cut two Lines, each into two parts, ſo as that the four Segments may be 
| a proportional. | 
Lr 5 and g be the two given Lines. | 

Operation. Make a right Angle at pleaſure, as azx. Make x x, equal 
to 5, and a z equal to ; and draw the Line ax. Biſect æ & in g, and on 
g deſcribe the Semicircle xc z. From the point c 4, draw the Line c b, pa- 
ralle! to z x, and e parallel to a x. Then will xy, be to yc, as yc, is 


to cb, and yc, will be to , the ſame as cb is to ba. 


Pos. X. Fig. X. Plate VII. | 
To divide a right Line into extreme and mean Proportion. 
Lzr ab be the given Line. | ES 
A Line is ſaid to be divided into extreme and mean Proportion, when 
the Area produced by the whole Line multiplied into one of its parts, is equal 
to the Area, 13 by the other part multiplied into itſelf. 
Operation. 
equal to half ab. Make cd, equal to cb, and ae equal to ad; then will 
the Line @ b, be divided at e, in extream and mean Proportion, as re- 
uired. Ws 
n Demonſtration. Complete the Parallelogram cd a b, and draw the Diagonal 
ca. Make 35 equal to b e, and draw h £ parallel to ba: alſo from e. 
draw ef parallel to c 6. Now the Paralle _ hg ba, whoſe Length s 
equal to ab the given Line, and breadth Y to b e, one of the parts of the 
given Line, is equal to the geometrical Square 4 Fae, whoſe ſides are each 
equal to e @, the other part of the given Line. For as the Diagonal « «, 
divides the Parallelogram c a 6, into two equal parts, and as the oppoſite 
Triangles, on each fide the — are each equal to its oppoſite, there- 
fore the Parallelogram g/, muſt be equal to the geometrical Square e; and 


therefore, if to the Parallelogram eg, we add the Parallelogram gf, which 
2 make the geometrical Square 4% e, it will be equal to the Para! 
lelogram gh a b, which is the geometrical Square , added to the Paral- 
8 a | lelograin 
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rect the Perpendicular à d, and produce it towards c. Make a c, 
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"he Of GEOMETRY. 
lelogram g e; becauſe in both theſe Equalities, the Parallel ge, is com- 
mon, as well to the Parallelogram g f; as to the geometrical Square e þ. 
Pros. XI. Fig. V. Plate VII. Þ 8 
To divide a given Line in any Ratio or Proportion required. 
Song 5 0 by a given Line to be divided according to the Proportion of the 
Lines & / m n. | 


Operation. From one end of the given Line, as 4, draw a ri ht Line, as 6 | 


making any Angle at pleaſure. And thereon make @ 3, equal to 4, be, « 
to /, cc, equal <a de, equal to », and draw the Linz 6 From the points 


de b, draw the Lines 45, g, and &/; parallel to i, which will divide the 


iven Line 5 a, as required. 
* "Þa oB. XII. Fig. Z. Plate VII. 


- 


To make upon a given right Line, two Parallelograms that ſhall be in any given Ra- 


tio, or Proportion to another. 

Lr 5a, be the given Line, upon which tis required to make two Parallels. 
grams, which ſhall be to one as the Line x, to the Line x. 

Operation. From the point ö, draw the Line 5 d, making any Angle at plea- 
ſure and thereon make c, equal to the Line x, and cd, equal to the Line z, 
and draw the Line 4 4, alſo draw ce parallel to ad; then will the parts 3 e, 
and e a, the parts of the given Line, be to each other, as the Line x, is to the 
Line z ; and Parallelograms made thereon of any equal Heights, as b. f, e a, and 
g, be, will be to one another, as the given Line x, is to the Line æ. 


1 Ss Pros. XII. Fig. AB. Plate VII. 8 
De Difference betaueen the Side and Diagonal of a geometrical Square being given, 
| to find the Side of the Square. po 


Lz 6a, be the given Difference. | 
Exer the Perpendicular 6 c, equal to the difference 5 a, and draw the Line 


ac, continued towards 4: make c equal to cb; then will ad, be the Side of 


the Square required. | 
| | Pros. XIV. Fig. I. Plate VIII. 

To cut from a Line, any Part required. | | 

Tis required to cut off two ninth parts of the given Line 6 e. 5 
Operation. Make an Angle as e a h, at pleaſure, and on any Side thereof as 
on a e, ſet off nine any equal parts, as from a to 4, make à b, equal to 6 c, and 
draw the Line 45 alſo at two parts from the point 4 draw the Line g, parallel 
to 4h, then will g &, be equal to two ninth parts of à 5, (which is equal to 50) 


as required. 
| PR OR. XV. Fig. II. Plate VIII. 
From a given point without a Circle as e, to draw a chord Line as in, in a given 
| Circle, that ſhall be equal to a given Line as a b. | 
Operation. Aſſume any point in the circumference asg, and thereon with the 
length of the given Line a 6, make the Section J, and from g through / draw 
the Line g Jo, of length at pleaſure. On the Center c with the Radius ge de- 
| ſcribe the Arch ep, on the point e with the radius 174 deſcribe the Arch A, cut- 
ting the Circle in 2 and 4. Draw the Lines de e n, cutting the Circle in 5 
and i; then will 2ither of the Lines 4h, or i, be a Chord Line equal to the 
given Line a 6, as required. | 
| Pa OB. XVI. Fig. IV. Plate VIII. 
To aſcribe a Part or Portion 4 a Circle, capable of containin; an Angle equal to an 
| | Argle given, upon a given Line. | : 
LeT g. be the given Angle, and Fe, the given Line. 
Operation. Make the Angle fe i, equal to the given Angle g; at e on the 
Line 7 6, erect the Perpendicular e 5, biſect the Line e/, in g, and erect the Per- 
pendicular g 4, cutting the Line be, ind; whereon with the radius de, deſcribe 
the portion of a Circle e, then all the Angles that can be made in this Seg- 
ment as ecf; far, Sc. will be equal to the given Angle g 5K. 


o 


Pros. 
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: Pros. XVII. Fig. III. Plate VIII. 
To cut off a Segment of a Circle, capable of containing an Angle equal to an Angle 
given. 
Let 40e a, be a given Circle, from which. a part is to be taken, that ſhall 
contain the given Angle gp «© 

2 Draw the Semidiameter g e, and Tangent Line he, make the Angle 
de h, equal to the given Angle gp f, cutting the Circle in 4. Then is 4Ucae, 
the Segment required, and all Angles me therein as 4e e, 4b e, c. will be 
equal to the given Angle gp ½ as required. | 3 ; 

Dy PRO B. XVIII. Fig. VI. Plate VIII. 
To deſcribe a ſpiral Line, at any given diftance. 

LeT a6, be the given diſtance. | | 

Operation. Firſt draw a right Line as 4h, at — and aſſume a point 
therein as d, at pleaſure. Make 4e, and de, each equal to half ab, and on 
4, deſcribe the i-circle c e, on the point c deſcribe the Semicircle ef, and 
on 4 the Semicircle fi, again, on the point c deſcribe the Semicircle ig, and on 
4 the Semi-circle g #. In like manner. on the points c and d, deſcribe as many 
other revolutions as may be required. Secondly, ſpiral Lines may be deſcribed 
concentrick to each other, as in Fig. p B, next below Fig. VI. as follows. 

Ler gr, be the given diſtance. | | | 

eration. Draw a right Line as p B, and therein aſſume two points as à and 6, 
whoſe diſtance muſt be equal to the given diſtance 7 on the point à deſcribe 
the Semi- circle þ i, and on þ the Semi-circles a c, and id; then, on the point a, 
deſcribe the Semi-circles c, and 4/, and on the point &, the Semi- circles e, 
and I. Proceed in like manner, as in the laſt Problem, to make as many other 
revolutions as may be required. 2 | 

Pros. XIX. Fig. V. Plate VIII. 
3 | To deſcribe an Artinatural Line. 

Operation. Firſt trace by Hand the ſeveral Curvatures or Turnings at pleaſure, 
which divide into as many Parts as ſeem each to be the Segment of a Gircle, as 
eca, nhg, Cc. This done, in each Arch aſſume 3 points, as e c a, and 1% g, and 
then by PRO. XIX. LECT. III. find the centers F and , and deſcribe the 
Curves ec a, and »#hgo. In the like manner proceed throughout the whole, 
to deſcribe all the various Meanders remaining, which will appear with the ut- 
moſt Beauty. | | | 

SERPENTINE Rivers, and Walks, through Wilderneſſes, &c. being laid out 
in this manner, are the neareſt to nature and the moſt agreeable of all others. 


— 


P ART III. Of AgcHITECTURR. 


LECTURE: L. 
| Of the Deſcription and Conſtruction of Moldings. 
HE ſeveral Members or Moldings of which the five Orders are compoſed, 
are of three kinds,' viz. ſquare, circular, and compound. 
Firft, ſquare Members are Plinths, Fillets, Dado's, Cinctures, Annulets, Aba- 
cus's, Faſcia's, and Tenia's of Architraves, Freezes, Denticules, Dentulls, 
| and Regula's. 
Secondly, Circular Members are Beads, Torus's, Aſtragals, Ovolo's, Cavetto's, 
and Apophyges. | | 
Thirdly, Compound Members, are thoſe which are compoſed of two or more 
Arches, as Scotia's, Cima reQa's, Cima reverſa's, Plancers of Modillions, 
Oc. As ſquare Members are nothing more than Parallelograms, I need not 
O lay 
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98 Of ARCHITECTURE. 
ſay any thing of their Conſtructions, and therefore I ſhall proceed to ſingle 
and compound Moldings, and give the Etymology of ſquare Members as 


they come in their order. | | 
| PRO B. I. Fig. B. Plate VIII. 
To deſeribe a Torus. 


LIT wx, be the given Height. 4 5 | 

Operation. Draw x r, at pleaſure, and the Line av parallel thereto, at the 
diſtance of the given Height; in any irt as at , erect the Perpendicular »= a, 
make nc equal to half the given height, and on c, with the radius u c, deſcribe 
the Torus required. | 5 

Tuis Member is called a Torus from the Greek Toros, a Cable, which its 
ſwelling reſembles, or rather from the Latin Torus, a Bed, or Cuſhion, becauſe it 
ſeems to ſwell by the impoſed weight. It js generally placed on a Zocolo or 
Plinth, D which is ſo called, from Plinthos, a ſquare Brick or Table, placed the 
very lowermoſt of all, to preſerve the Foot of the Column from rotting ; for 
originally Columns were made of the tapering Bodies of Trees. 

Pros. II. Fig. C. Plate VIII. 
To deſcribe an Aftragal with its Fillet. 

Ler 4f, be the given Height. 

Operation. Draw f'z, at pleaſure, and in any part, as at /, erect the Perpen- 
dicular Va, equal to the given * Fd, which divide in 3 equal parts at 
and a, through the points 4a e, draw the Lines ab, a c, and e x, parallel to 
Fx; make b, and fg, each equal to . On a, deſcribe the Semicircle 4 e, 
and on g the quadrant 4, which will complete the Aftragal as 2 

Tuis Member is called an Aſtragal from the Greek Hfraga lis, Bone (or 
more properly the Curvature) of the Heel, and for which reaſon the French call it 
Talon, either of which I think is very proper, when imployed in a Pedeſtal or 
Baſe of a Column, but not when placed on the ſhaft of a Column, when it does 
the Office of a Collar, and is therefore by many called Collarino. | 

8 | Pros. III. Fig. O. Plate VIII. | | 
| To deſcribe the Apophyges of a Pilaſter or Column. 7 

Tur Apophyges of a Column or Pillaſter is that curved Part of the Shaft, 
which riſes or flies from the Cincture, and ends in the upright of the Shaft, as 
the Arch 44; it is alſo by ſome Maſters uſed at the lower part of the Corinthian 
Freeze, and of the Dado of a Pedeſtal. This Member takes its name from the 
Greek word ' A= ogvy), becauſe in that part, the Column ſeems to emerge and 
fly from its Baſe. In the Tuſcan Order, this Member is nothing more than a 
Quadrant, as % a, Fig. B. whoſe height is equal to its Projection, but in all 
other Orders its not ſo, and is thus deſcribed. BEE 

Operation. Divide the Projection of the Cincture e d, Fig. O. before the upright 
of the Column into 5 equal parts, make its height e 6, equal to ſix of thoſe parts: 
draw à b, parallel to ed, alſo draw bd, which biſect in g, whereon erect the 
Perpendicular g a, cutting 6a, in az on à deſcribe the Arch 5 4, the Apophy- 
ges required. | 2 +4 
Note. The ſame Rule is to be obſerved in deſcribing the hollow under the Fil- | 

let of the Collerino, at the top of a Shaft of a Column in every of the Orders. 
| PRO B. IV. Fig. F and G. Plate VIII. 

| To deſcribe an Ovolo of any given Height. 

LtT ac, Fig. F. be the given ng | . 

Operation. Fir, draw c d, at pleature, on any point as c, erect the Perpen- 
dicular ca, equal to the given height, through the point @ draw 6 e, patal- 
lel to 4c, on @ with the Radius @ c, deſcribe the Arch c 6; which is the Ovolo 
required. | % 

Secondly. Let b c, Fig. G. be the given height. | 

Operation Divide the given height into 4 equal parts, and give 3 of thoſe parts 
to the Projection. Draw the Lines 3 c, which biſect in 4, on which ere& the | L 
terpendicular 4a, on a deſcribe the Arch c 3, which is the Ovolo required. 

| Tui. 
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Tuis Member is called an Ovolo, from the Latin Ovum, an Egg. which tis 
22 carved into, intermixed with Darts and other Devices, ſymbolizing 
Lore, Cc. It is alſo called Echinos or Echinus from the Greek, as being ſome- 
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thing like the thorny huſk of a Cheſnut, which being opened, diſcovers a kind 


of Oval Kernel, ſomething dented a little at the top, which the Latins call De- 
cacuminata Ova, and Workmen quarter round. | ; 
P. 1 remember that in the laſt Problem you was ſpeaking of the Aphophyges taking 


its riſe from the Cincture, 4 what is a Cincture 


M. A Cincture is the firſt part of the Shaft of a Column, as à av, in Fig. B. 
Plate VIII. which always is placed on the Baſe of every Column, and anciently 
was nothing more than a broad iron Ferril or Hoop, to confine and ſtrengthen 
the lowermoſt part of the Shaft, which the 7ta/ians call Liftello, or Girdle The 
Shaft of a Column is that round plain Part, which is contained betwen the Baſe 


and the Capital, of which I ſhall give you a more full account. when 1 come to 


treat of the Parts of an Order. It is alſo called Fu from the Latin Fuftis, a Club; 
Vitruvius calls it Scapus, and by ſome Maſters tis called Vivo, Fize, and 


Trunk. | 
; PR OR. V. Fig. D and E. Plate VIII. 
To deſcribe a Cavetto of any given Height. 

Leger ac, Fig. D. be the given Height. 

Operation. Firſt, Draw e f, at pleaſure, and in any part thereof, as at e, erect 
the Perpendicular c, equal to the given height, and through the point @ draw 
the Line bg, parallel to /; make ce, equal to c a, and on e with the diſtance 
ec, deſcribe the Cavetto hc, as required. . | 

Mete. If tis required to make a Fillet on the Cavetto, as 6 u, then the given 
height muſt be divided into 4 equal parts, and the Fillet made equal to one part. 

The Projection of its under part c d, is equal to one 8th of the whole height, 
which is half of 4, or of one part. | 

Tuis Member is called Cavetto, from the Latin Cawus, a hollow, and work- 
men call this Member a hollow alſo, though I believe not with reſpett to the 


Latin, but becauſe it is a real Hollow, and as an Ovolo is generally made a Qu..- 
drant, they therefore call that Member a quarter round. 


To . a Cavetto a ſecond way. 
Secondly, Let hy, Fig. E. be the given height. | . 

Operation. Divide h y, into 5 equal parts, and give the upper 1 to the Fillet, 
make the Projection 1, 3, equal to 4 parts, and y n, equal to 1 part, ani diaw 
the Line @ 1, parallel to hy; continue y out at pleaſure, and draw tne Line 
3 * u, which hiſect in x, and thereon ere the Perpendicular x p. On p dzicribe 
the Cavetto # 3, as required. | 71 

Pros. VI. Fiz. H. Plate VIII. 
Es To deſcribe a Bed. Molding of any Height required. 

Le r ax, be the given Height. | 

Operation. Divide the given height into 8 equal parts, give 3 to the Cavetto, 
1 to the Fillet, and 4 to the Ovolo, and then by Problems LV. and V. deſfcribz 
their Curves as required. | 
| PR OB. VII. Fig. I. Plate VIII. 

To deſeribe a Cimatium, of any gi ven Height. 

Ler ag, be the given height. : 

Operation. Divide the given Height into 4 equal parts, as at 4 h, and give tie 
upper 1, to the Height of the Regula. Draw right Lines from the points 4, 3, 
and h, at right Angles to the Line 45, of length at pleature, and draw ag at 
any diſtance from 4 h, and parallel thereto, make uc, equal to 2g, and dra” 
the Line cg, which biiect in e. on ec, and eg, make the cquilateral Sections #4, 
and y, whereon deſcribe the Arches ce, and eg, which completes the Cimatium 


Tais Member with its Regula is called a Cymatium, from the Greek Ruin, 


Undala, a rowling wave, WhiC it reſembles, or Kymatio?, a WAVE. Vitruvius calls 
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it Epictbeates, and the Tralians and French, Gola, Geule, or Doucine, But when 
we ſpeak of this Molding ſingly, without its Regula or Fillet, we call it a Cima 
recta, and workmen oftentimes call it a fore Ogee, to diſtinguiſh it from Cima 
inver/a, which they call a Back - a Site | 
Pros. VIII. Fig. K. Plate VIII. 
| To deſcribe a Cima inverſa as br, of any given Height. 

8 Draw the Line r, at pleaſure, in part, as at r, erect the Perpen- 
dicular 7 6, equal to the given Height, which divide into 4 equal 3 and give the 
upper 1 to the Fillet. Through the points à and 5, draw right Lines as «6b, and 
ca, parallel to ar, and of length at pleaſure. Make a c, equal to ar, divide 
ca, in 6 equal parts, and make r, and ec, each equal to one of thoſe parts; 
draw the Line eg n, which biſe& in g, on the points ag, and ge; make equila- 
teral Sections, and deſcribe the Arches eg, and g u, which completes the Cima 
inverſa, as required. ; ay | . 

1 Tony _ Fig. L. Plate np p | 
0 deſcribe a fingle Cornice of | en Height. 
Lr ab be the — eckt. ec 


Operation. Firſt, divide the given Height into 5 equal parts, give the lower 


1 to the Cima Inverſa f; one third of the ſecond to the Fillet e, and the upper 
1 to the Regula c; and the remaining two parts and 3, to the Cima Recta 


d. Secondly, by Pos. VII, and VIII, deſcribe the Curves of the two Ci- 


ma's, and the Cornice will be completed, as required. 


Note, That the Projection of the Cima Recta, and of the Cina lu verſa, which 


is alſo called Cima * is always equal to their own Height. 
Papy. X. fir BA. Phe il. 
To divide and proportion Dentuls to any given Height. 
LeT # x be the given Height. | | 
Operation. Divide the given Height into 8 equal parts, give the _—_— 
to 13, the height of the Fillet, the next fix to s v, the height of the Dentuls, 
and the lower one to v x, the Margin of the Denticute. 


To proportion the breadths of the Dentuls and Intervals between them, 


make vg, equal to v, and dividing v q into 3 equal parts, give two to 


the breadth ofa Dentul, and one to its Interval, which is called Metoche, 
which with two pair of Compaſſes, the one opened to the Breadth of a Den- 
tul, and the other to the breadth of an Interval, ſet off thoſe Diſtances recipro- 


cally throughont the whole length of your Molding. 

IF it is required to make Eye-Dentuls in the Intervals, as A A. Divide the 
height of the Dentu!, into 5 equal parts, and give the upper one to the 
height of the Eye-Dentul. | | 


Note, This Ornament is generally began at the projecting Angle, over an 


angular Column, with the form of a Pine Apple; or rather, the Cone 
of a Pine-Tree, as at 4 g, which is thus deſcribed. 


Maxx its Breadth , equal to the breadth of a Dentul, which divide in 


4 equal parts; make 4g, equal to = x, and draw 2 g; make nd, b, each 
equal to half ; and draw 4 6, which biſe@ in e. On e, with the Radius 
d, deſcribe the Semicircle 4 mb. On the Points 4% and 6b f, with the Ra- 
dius Vd, deſcribe the dotted Sections next above the Line 4b, on which, with 
the ſame opening, deſcribe the Arches þ f, and F d, which will complete the 


Whole, as required. 


Tusk Ornaments are called Dentuls, from Deatelli, Teeth which they re- 
preſent. The Darticulus is that flat or ſquare Member, on which the Dentuls 


are placed. 


ProB. XI. Fig. I, next under Fig. AP. aforeſaid. Plate VIII. 
To proportion and deſcribe an Jonick Medilion, of any Height required. 
Leer ab, be the given Height. | t ens | 
Operation. Divide the Height into 8 equal Parts, as at 4, give the upper 
2 «.. the height of the Cima Inverſa, with its Fillet, and the next 5, to 95 
| Dept 
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and thro? the Point 4, draw the Line die, paral 


| ſmall Faſcia c, and the other 3 is the height of the great Faſcia 
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Of ARCHITECTURE. | 101 
Depth of the Modilion. Draw 4 c, for the fide of a Front Modilion, make 


r e, equal to c 4, and 4 % equal to de, then is 4 %, the breadth of the Modi- 


the Modilion in Profile, equal to 6 of thoſe parts. Divide the Projection of 


the Modilion in Profile, into 6 equal Parts, at the Points 1, 2, 3. 4, 5. Thro 


the Points 2 and 5, draw the Lines om, and 5 7, parallel to fp. Make x z, 
equal to two Parts and half, and 2 o equal to one part: alſo make on, equal 
to 5 r, and draw the Line 1 t. On the Points » and , with the Radius 
t 5, deſcribe the Arches os, and +5; alfo on 2, with the Radius 2 1, de- 
ſcribe the Arch 1 o, which will complete the Modilion, as required. 

Tuis Member is called Modilion, from the Italian Modiglioni, a plain Support 
to the Corona of the Corinthian and compoſite Cornice, to which they only 
belong, altho* now falſly introduced into the ITonick. _ | 

3 R Pao. XII. Fig. N and M. Plate VIII. 
. To deſeribe Scotias of any given Heights. 
FirsT, Let ag, Fig. M. be the given Height. | | 
eration. Draw the Line Fg, and on any part thereof, as at g, ere the Per- 
pencil ga, _ to the ow Height, and thro' the Point a, draw the 
ine @ x; parallel to g/ ivide ag in 3 _ parts, at the Points 4 x, 
el to ax. Make de, equal 
to 4 a. On the Points 4, deſcribe the Quadrant à c; and on the Point e, the Qua- 
drant c f, which together form the Curve of the Scotia, as required. | 

Tuis Member is called Scotia, from the Greet Sxorta, Storos, Darkneſs, 
which the _ Fort cauſes by its Projecture. Tis alſo, by ſome called 77 
chilus, from the Greek Trochilos, Toozxw, or TE2K%, a Rundle or Pully, whoſe 
hollow part wherein the Rope-works hath ſome reſemblance of this Member, 
and with reſpect to its Darkneſs, tis by many, tho' improperly, called a Cavetto. 
Lb. Talians call it Baſtone. This kind of Scotia, is adapted to the Attick 

2 | 

Secondly, Let a d, Fig. N. be the given Height. 

Operation. Draw the Lines 4 a and # d, parallel to each other, at the diſtance 
of 2 d, and draw a d at right Angles thereto. Divide @ 4 in 7 equal Parts, 
and thro* c, the third part down, j waa h c, parallel to a#. Make , and 
dn, each equal to 2c; and draw 7 h x, parallel toad: Make 5 i, equal to 
hn, and from i thro' c, draw the Line cn. On the Point c, deſcribe the 


| Arch am, and on , the Arch m #, which com letes the Scotia, as required. 


| Pros. XIII. 
The Diameter, or Breadth of a Door, or Window being given, to find the 
Breadib of an Architrave, that will be proportionable thereto. 
A GENERAL RuLE. 

Divide the Diameter, or given Breadth, into 6 equal parts, and take one 
for the breadth of the Archirrave required; and that you may alſo know how 
to divide the Architrave into its proper Members, I have given you in Plate VIIT 
and IX, thirty and one kinds of Architraves, of which thoſe marked AB C 
DEF, are Tuſcan; GHIKLMNO, are Dorick; PQRSTYV, are 
Ionick; WXYZ, AB, AC, are Corinthian ; and AD, AE, AF, AG, 


and A H, are Compoſite, which in general have the Heights of their ſeveral 
Members proportioned by equal parts. As for Example, In Fig. A, the height 
or breadth of that Architrave, is divided into 10 equal parts, of which the up- 


per 2 and 4, is the height of the Tenia a, and the remainder is the great Faſcia, 
with its hollow. In Fig. D. the height is divided into 6 equal parts, of 
which the upper 1 is the height of the Tenia ; the lower 2, the heig t of the 

. In the 
ſame manner you are to underſtand all the others; and as the principal Parts 
into which the height of every Example is divided, are ſignified by the equal 


Diviſions, and Figures againſt them; and as the manner of deſcribing all the 


Moldings of whica they are compoſed, has been already taught, to ſay ou 
h | 5 : thing 
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102 Of ARCHITECTURE. 
18 thing ſuyther on the manner of deſcribing them is needleſs ; as indeed is 
11 what I have already ſaid, the whole being ſo very plain, as to be underſtood 
1 8 by the meaneſt Capacity, at the firſt View. | 


| LIS i | . 
| Of the making of Scales of equal parts, for the delineating of Plans and Eleva- 
4.18 3 | tions of Buildings, &c. 2 
— 14 Tu neceſſary Scales for our Purpoſes, are thoſe repreſenting, firſt, Feet; 
1 ſecondly, Feet and Inches; thirdly, Modules and Minutes; and fourthly, 
Chains and Links. Thoſe of Feet, and Feet and Inches, are uſed in the mak- 
ing of Plans and Uprights, or geometrical Elevations of Buildings. Thoſe of 
Modules and Minutes, are for proportioning of the ſeveral Members of the five 
Orders of Columns in Architecture, and thoſe of Chains and Links, are for 
making Surveys of Lands, as Farms, Parks, Cc. whoſe ſeveral Uſes will be 
fully illuſtrated in their proper Places. 
bay I. Fig. I. Plate IX. 


| Do make a Scale of Feet. 

Operation, Make a Parallelogram at 8 as ad me; open your Com- 
paſſes to any ſmall diſtance, and ſet 10 equal parts, from to x b.; alſo, 
make x6, and be, Ofc. each equal to mxbc; then will the Line me, be a 
Scale of equal parts, which may repreſent Inches, Feet, Yards, c. and 
which muſt be thus numbered, wiz. as x b, is equal to the 10 parts between x, 
therefore at 6, place the number 10, at e the number 20, We. being ſo many 
parts from x. To take off any number of Feet, leſs than 10, ſet one Foot of 
_ Compaſſes on x, and extend the other to the number of Feet re- 

uired. EE: 
7 To take off any number of Feet more than 10, ſet one Foot of your Com- 
paſſes in 5, and extend the other to the number of odd Feet that is contained in 
the given Length more than 10. Suppoſe 17 was the given Length: extend 
your Compaſſes from 5 to 7 Parts beyond x towards mm, which is 17 Feet as 
required; and ſo the like of any other number of Feet, more than 10, 20, &c. 


that ſome Works require a leſſer or a greater Scale than others; therefore, if 
from the 10 equal parts, in #z x, you draw right Lines unto the Point a, and 
afterwards draw right Lines parallel to e, at any diſtances, as fr, g . bp, 
1 0, kn, and / m, you will have made other Scales of equal parts, of various 
Sizes, which may fit all the Purpoſes required. | 8 
II. To make a Scale of Feet and Inches. Fig. VI. Plate IX. 

Operation. Make a Parallelogram,as @ 6 c d, ſet off 12 ſmall equal parts, from c 
to e, repreſenting the Inches in a Foot; make e 10, 10 20, 20 30, fc. each 
equal to the 12 Parts, then is your Scale of Feet and Inches completed ; for 
e 10, 10 20, are Feet, and the parts in ce, are Inches. To take off a length 
of Feet and Inches, is the ſame here, as before in the Feet : ſo the diſtance 
of 3 10, is 15 Inches, of 6 10, is 18 Inches, of 9 10, 21 Inches. Scales 
of Feet and Inches, are alſo made on two-foot Rules, as Fig. II. in manner fol- 
lowing, vix. | 3 | | 

Mars a Parallelogram, as cas 6, at pleaſure, and let the diſtance of 2 , be 
made to repreſent one Foot. Make / 3, 3 1, and 14, on the Line z 6, each 
- equal to z f; that is, each equal to one Foot. Draw fg, parallel to cz. 
Biſet c g in e, and draw the Lines ez, and e. Divide g/, in 6 Parts, at the 
Points / &i h g, and draw right Lines thro' them, parallel to Z, and then is 
the Scale completed; and the diſtance of = f, which is the given Foot, is divi- 
ded into 12 Inches, wiz. The diſtance of g 1, is one Inch; + 2, two Inches; 
i 3, three Inches; 4 4. four Inches; J 5, five Inches; g 6, 6 Inches; J. 
ſeven Inches; 48, eight Inches; 7g, nine Inches; 5 10, ten Inches ; g 11, 
eleven Inches; and F x, one Foot, as before. | © 

THEsE kind of Scales, may be made either bigger or leſs, at pleafure, in 
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To make a variety of Scales of equal parts, which is neceſſary to have, as 
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Of ARCHITECTURE. 703 
the very ſame manner, as may be ſeen at the end @ 6, where the Foot is made but 


half the aforeſaid. 
Pon. III. Fig. IV. Plate IX. 
To make a Scale of Chains and Link, for the plotting of Lands, &c. 
ation. Make a Parallelogram, as a v 6 ao, and let the diſtance be, repre- 
ſent one Chain, which is equal to four Statue Poles, each 16 Feet and half, 
or to 66 Feet. Make'ed, equal to , then Je is one Chain alſo. Di- 
vide a6, into 10 equal parts, and thro' them draw right Lines parallel to 
bw. Divide af, and be, each into 10 Parts, and draw the diagonal Lines 
f10, 5 20, Sc. and then your Scale is completed; and the diſtance of 1 4, 
is one Link; 2/, two Links; 3 m, 3 Links; 4, 4 Links; 14», fourteen 
Links; 19 5, nineteen Links; 20 e, twenty Links, &c. to which, one or more 
Chains-length may be added, as: occaſion requires. At the right hand end, 
the Parallelo ram f vg , is another diagonal Scale of Chains and Links, 
made to half the Magnitude of the aforeſaid. 
4 | Paos. IV. Fig. III. Plate IX. 
To make a Scale of Minutes, or to divide the Diameter or Module of a Column 
| | into 60 Minutes. | 
Operation. Divide the length of the Diameter, into 10 equal parts, as at the 
Points 6, 12, 18, Cc. on its ends erect Perpendiculars, wheteon ſet up 
any 6 _ parts, and draw right Lines parallel to the given Diameter, 
which will complete a Parallelogram, as Fig. III. whoſe upper fide muſt be di- 
vided into 10 equal parts, as the given Diameter, as at the Points 6, 12, 18, 
Sc. This done, draw the Diagonal Lines 6, 1; 12, 6; 18, 12; which will 
complete the whole, and the diſtances taken from the left hand, perpendicular 
to the Points 1, 2, 3, 4, &c. are the Minutes required. 
| 5 Pros V. 
To make divers Scales of Ghords of any Length or Radius required. 
LET cc, at the left Angle of Plate IX, be a given Scale of Chords, divided 
as before-taught. | | | 
Operation. Fre& the Perpendicular c a, of length at pleaſure, and draw 


the Hypothenuſal Line à c. At any diſtances from c, draw divers right Lines 


parallel to cc, as 44, ee, &c. Draw right Lines from the ſeveral Degrees 
in cc, unto the point @, and they will divide all the intermediate parallel 
Lines 4d, ee, &c. in the ſame proportion, as the given Line of Chords, 
cc, and conſequently each of them will be a Line of Chords, as required. 


LICT.. HI; 
Of the principal parts of an Order, and of the Orders in general. 
Ax ExTixeE ORDER conliſts of three principal parts, viz. a Pedeſtal, 
a Column, and an Entablature. ; | | 
A PteptsTAL, is the firſt or lowermoſt part of an Entire Order, as e, 


| Fig. I. Plate XIX. which conſiſts of three principal parts, wiz. g h its Baſe, 


gf; its Dado, or Die, and Ve its Cornice. Its name comes from the Greek 
Stylobates, the baſe of a Column; 'tis alſo called Stereobate, or Stylobate : but, 
as Mr. Evelyn in his Parallel obſerves, our Pedeſtal is Vox Hybrida, (a very 
Mungrel) not a Szy/o, as ſome imagine, but @ Stands. 

A CoLumx, is the ſecond principal part ofan entire Order, as 6 e, Fig. I. Plate 
XIX. which conſiſts of three principal parts, alſo, viz. its Baſe 4 e, its Shaft c 4, 
and its Capital c. The Baſe receives its Name from the Greet Verb 
gad el, importing the Suſtent or Feet of a tHing ; and the Capital, from the 
Latin, Capitellum, the Head or Top. The Architrave is called by the Greeks, 
„ ee that is to ſay, Epi upon, and S/y/os a Column, which from 
a Mungril compound of two Languages ('aeyv) Trabs, as much as to ſay, 


the principal Beam, or rather from Arcus, Chief, and Trabs, a Beam, we call 


Architrave, 1 he Freeze takes its Name either from the Greek Zaogig®, Te- 
| | p orut, 
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plorus, importing the imaginary Circle of the Zodiack, depicted with its 


12 Signs or is derived either from the Latin Phrygio, a Border, or from 


the Jtralian Phrygio, an embroidered or fringed Belt. The Cornice re- 
ceives its Name the Latin, Coronis, a crowning, from whence its Faſcia 
is called Corona; alſo called Supercilium, or rather Stillicidium, the Drip, (Co- 
rona elucalata Vite] and with more reaſon tis called by the French, Larmier. 

The Talians call it Gocciolatoio, and Ventale, from its protecting the Building 
both from Water and Wind, and for which reaſon the Latins call it Mentum, 
a Chin, becauſe its Projection carries off the Rains, from the lower part of the 
Entablature, as the Prominency of that part in Mens Faces, prevents the 
Sweat of the Face from trickling into the Neck. 

Ax EnTABLATURE from the Latin, Tabulatum, a Cieling, and by ſome 
called Ornament, is the third, and uppermoſt part of an Entire Order, as @ 6, 
which likewiſe conſiſts of three principal parts, namely, its Architrave, Freeze, 
and Cornice. 3 

THz principal parts of Pedeſtals, Columns, and Entablatures, are ſubdi- 
vided and proportioned in ſuch manners, that the Reſults of their Compoſi- 
tions, ſhall give ſuch Uſefulneſs, Grace, and Beauty, that are agreeable to 
the Order they are made to repreſent. „ 

Tus Orders in — 2 were originally but three, wiz. Dorick, Ionick, 
and Corinthian, invented by the ancient Greeks ; to which two more have been 
ſince added, called Tuſcan- and Compoſite. 

Tus Tuscan ORDER, for its being the moſt robuſt and maſculine, is 
therefore placed before the Dorick, and the Rear of the whole is brought up 
with the Compoſite. "* 

Tus Tuscan OrDex is ſo called, from the Afratick Lydians, who are ſaid 
to have firſt peopled Za, and raiſed Buildings thereof, in that part called 


Tuſcany. This Order, for its Simplicity, or native Plainneſs, when well per- 


formed, and imployed at the Entrances of Cities, Magazines, and other Buildings 
of Strength, is not in the leaſt inferior to any of the other Orders. 'The 
general Proportions of this Order, are as follow, viz. The Height of the Pedeſtal 
is one fifth of the whole, its Column 7 Diameters, and the Entablature one 
fourth of the Column, or one Diameter 45 Minutes, as exhibited in Fig. I. 
Plate XIX. | | + 
Tae Dorick OnrpER, is ſo named from Dorus, King of Acbaſis, who *tis 
reported, built a magnificent Temple of this Order, in the City of Arges, 
which he dedicated to the Goddeſs Juno, and which Vitruvius ſaith, was the 


very firſt Model of the kind. 


Tu is Order, for its Maſculine, or rather, as Scamoxzi calls it, Herculean 
Aſpect, with regard to its excellent Proportion, is to be employed, where 
Strength and Grandeur 1s required, as at the Gates of Noblemen's Palaces, 
Sc. The general Proporticns of this Order, are as follow, viz. The Height 
of the Pedeilal, is one fifth of the whole, its Column 8 Diameters, and its Er- 
tablature one fourth of the Column, or two Diameters, as exhibited in Plate 


XXIII. 
IuE Ionticx ORDER, is ſaid to have been invented by Ion King of nia, a 


Province in Ala, who erected a Temple of this Order, and dedicated it to the 


Goddeſs Diana; and as this Order is a Mean between the Herculean, Dorich, 
and Feminine Corinthian Extremes, it ought therefore to be employed in 
e Frontiſpieces, &c. at the Entrances into Noblemen's and Gentle- 


men's Houſes. The general Proportions of this Order, are as ſollow, vx. 


The Height of its Pedeſtal, is one fifth of the whole, its Column 9g Diameters, 
and its Entablature one fifth of the Column, or one Diameter, 48 Minutes, as 
exhibited in Plate XX VIII. 

Tus CorinTHian Ox DER, received its Name from the luxurious City of 
Corinth, where it was invented and made by Callimachus, an ingenious Sta- 


tuary of Athens, who took the firſt Hint thereof, from a Basket, placed 5 
| : the 
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the Grave of a young Lady of Corinth, wherein the Nurſe hayipng put her 
Play-Toys, according to the cuſtom of thoſe times, and covered the «ket wi:h 
a ſquare Tyle, a Root of Acanthus, or Branca Urſa, Bears Foot} happened 
to grow under it; which putting forth its Leaves around from under the 
Basket, as in Fig. V. Plate XXXIV, they turn'd up the ſides, and encloſed the 
whole at bottom ; whilſt the Flower-Stalks in advancing higher, were repul- 
ſed by the projecting Tyle, and obliged to turn under it, in a curved man- 
ner. To form this Capital, he made a Vaſe or Bell, to repreſent tne Ba ket; 


* 


and about it placed ſixteen Leaves, in two Heights; from which, in imitation of 


the curved Flower Stems, he ſprung Stalks enriched, whoſe Curvatures he 
finiſhed with Volutes, and covered the whole with a horned Abacus of Mould- 
ing in imitation of the Tyle. This Order being the moſt rich and delicate 
all the Orders, it ſhould therefore be employed within age. as in Rooms 
of State, c. where Magnificence and Beauty are required. The general Pro- 
rtions of this Order, are as follows. Its Pedeſtal is 1 fifth of the whole 
eight, its Column ten Diameters, and its Entablature is equal to ene fifth of 
the Column, as exhibited in Plate XX XII. | | 


Tus ComryosiTs Ones, called by ſome, the Roman or Italian Order, 


is, generally made, of all others, the very worſt ; for its Capital, is no- 
thing more than the lower part of the Corinthian Capital, covered with the 
nici Capital for an Abacus, is much leſs elegant than the Corinthian, as its 
Entablature is alſo ; and if to theſe be added the lowneſs of its Shaft, which has 
very little Diminution, and of equal Height with the Corinthian ; upon a juſt 
view of the whole, it will appear to be rather a Diſgrace, than a Credit to 
the Inventor, or, at leaſt, a full proof of a great barrenneſs of Invention: 
and that I may not be thought to find fault with the Endeavours. of others, and 
at the ſame time give no better Example, I therefore, in Plate XLI, have given 


the Compoſite Entablature, by Andrea Palladio, with a Compoſite Entablature of 


my own Invention, for inſide works, which I ſubmit to the Judgment of the 
udicious. The general Proportions of this Order, are exhibited in Fig. I. 
te XXXIX. | 
To theſe five Orders, we may add many more, wiz. Firſt, The Orders of 
the Perflans and Cariatides, as Fig. IT, III, and IV. Plate XLII. where the 
Statues of Men and Women are uſed inſtead of Columns, of which the firſt is 
crowned with a Dorict Entablature, and the laſt with an nick. Secondly, 


The French and Spanih Orders, which are only different from the Corinthian, 


in their Capitals, and Enrichments of their Freezes, Thirdly, 'The Groteſque 
and Engli Orders of my Invention, vide Plates 302, to 310, of my ancient 


Maſonry. And laſtly, the Gothick Order, which makes twelve Orders in the 


whole. 
Of the Me DE be Tuſcan Ord 
| e anner of proportiening the particular parts of the Tuſcan Orazr, 
by Moaules 2. Minutes, according to ANDREA PALLAOIO, and by 
equal parts, compoſed from the Maſters of all Nations, 
| Pros T. 15 
To find the Diameter, or Module of a Order, proportionable to any given 
Height. 


Columns are employed in four different manners, vis Firſt, alone, 


without either Pedeſtal or Entablature. Secondly, with the Pedeſtal only. 


Thirdly, with the Entablature only. And laſtly, with both Pedeſtal and Enta- 


| hlature. Therefore to find the Diameter in every of theſe four Caſes, this is 


the Ru'e, viz. Divide the given Height into the ſame number of equa! parts, 

as there are Minutes contained in the height of the principal parts tut are 

to be employed; and take ſixty of thoſe parts for the Diameter of the Co!': m1. 
Tat height of the Column alone, o q, Fig. I. Plate XIX, is 5 Diameter: ; 


therefore one ſeventh of the given Height, where the Column only is to b- 


empio/c d, 


KR FO RE an Order can be delineated, the Diameter muſt be found; and as 
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employed, is the Diameter required. The Height of the Pedeſtal and Column, 
as 6 h, equal to » x, Fig. I. Plate XIX, is 9 Diameters, eighteen Minutes 
and 3, which are equal to 5 58 4 Minutes. Now admit the given Height to be 
12 Feet, reduced into Inches equal to 144, and the Inches reduced again into 
 Toths, equal to 1440. Then ſay, by the Rule of Three ao, as 558 Minutes, 
the number of Minutes contained in the height of the Pedeſtal and Column, (re- 
jecting the 3 of a Minute) is to 60, the Minutes contained in the Diameter of 
the Column: So is 1440, the 1oths of an Inch, contained in the given Height 
of 12 Feet, to 151, and 44}, which is very little more than one quarter part 
of one tenth. Now 151 tenths of an Inch reduced, is equal to 15 5 one 
tenth, one fourth of a tenth, and a very ſmall matter more, and is the Diameter 
required. And if 15 Inches, one tenth, and 4 of a tenth, be divided into 60 
equal parts, omitting the ſmall matter more than the + of a tenth, (which will be 
near enough for practice) they will be the Minutes of the Diameter, by which 
the Heights and Projettions of the Order may be proportioned. | 
In the ſame manner, the Diameter may be found, when the Column and 
Entablature only are employed, whoſe Height i p, Fig. T. Plate XIX, is 8 
Diameters, 45 Minutes ; as alſo may the Diameter of the entire Order, whoſe 
Height @ 5, is 11 Diameters, 3 Minutes, and 4, as expreſſed on the Line Jau. 
Tuis being underſtood, IT a Diameter being thus found and divided, the 
delineating of this Order, is very eaſily 3 as follows. | 
| | | Pros, II. 
| To delineate the Tuſcan Pedeflal, by Modules and Minutes. I 
Let A, Plate XIX, be a Diameter found, or given, (which is alſo called a 
Module) and divided into 60 Minutes. | 
FOR we proceed to this Operation, it is to be obſerved, that the Heights 
of the Members, are expreſſed on the central Line, to be read upwards, and 
their Projecture are placed againſt them, to be read level with the Eye, either 
on the right or left hand fide. | l 2, | 
Operation. Firſt, Draw a baſe Line, as Ar, Fig. III. Plate XIX, and in any 
part, as at 4, erect the Perpendicular & #. Make #f equal to 37 Minutes and 
2, as expreſſed between & and /; alſo make /e, equal to 2 1 Minutes; ed 
to 5 Minutes; 4c to one Diameter, 9g Minutes, + ; ca to 4 Minutes +; abto 
2 Minutes 3; & to 17 Minutes ; and thro' the Points 46 a cd ef, draw right 
Lines to the right and left, parallel to the baſe Line Ar. Sy, make 4, 
and F's, each equal to 47 Minutes and 4 ; and draw the Line 5s 7. Make Ff?, and 
, each equal to 45 Minutes, and draw the Line vr. Make d ww, equal to 
41 Minutes. Make 4x and cy, each equal to 40 Minutes, and draw the 
Line yx. Make c 41, equal to 41 Minutes. Make à x, and 6 45, each equal 
to 45 Minutes, and draw the Line 45 . Make r, and 4 b, each equal to 
47 Minutes and z, and draw the Line +». Then by Pros. V. of LECT. 
I. hereof, deſcribe the Cavetto's yz, and æ wv; and the very ſame being repeated 
on the left hand fide of the central Line, will complete the Pedefial, as re- 
quired. And as the Members in the Baſe and Capital of the Column, as alſo 
the Members in the Entablature, are all delineated in the very ſame manner, 


there needs no more to be ſaid thereof, and therefore the next work is, How to 


diminiſh the Shaft of this, or any other Column. 

Bur before we can proceed to this work, it muſt be obſerved, Firſt, That the 
Heights of the Baſes of Columns in general, are all equal to half a Diameter, or 
30 Minutes; as is alſo, the height of the Tuſcan and Dorick Capitals, Second- 
ly, That the Cincture 5, Fig. I. Plate X, and the AMragal, or Collerina 61, 
are both parts of the Shaft. Thirdly, That ſince the whole Column in the 
Tuſcan Order, including its Baſe and Capital, is 7 Diameters high; therefore 
taking the Baſe and Capital from it, which together are equal to one Diame- 
ter, the remains, 6 Diameters, is the height of the Shaft Fourthly, that 
Columns in general, are diminiſhed but in the two upper third parts of their 
lc; bt, the lower third part being a Cylinder, Fifthly, that the * Co- 

| | umn 
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erg. 


| 8 each equal the half Ordinate 4 5, ; and m, and uo, each equal to t 


the next one, to 7 |, the Height of the 
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lumn is diminiſhed one fourth of the Diameter of its Cylindrical part; the De- 


rick one fifth, the hnict one ſixth, the Corinthian and Compoſite, one ſeventh, 
and therefore the Diameter of the Tuc nm Column, at its top, is but 45 Minutes, 
the Doric 48 Minutes, the nick 50 Minutes, the Corinthian and Compoſite, 


each 51 Minutes 3. 

7 Pros. III. Fig. I. Plate X. 

| To diminiſh the Shaft of the Tuſcan, or any other Column. 2 

Operation. Draw 13 for its given Height, I of which is its Diameter. Di- 
vide 15 into three equal parts, at g and C; thro' the Points / C and 6b, draw 
right Lines, at right Angles, to the central Line 1. Make Cy, and C 7, 
each equal to 30 Minutes, and / 5. /4, and CD, C E, each equal to 22 Minutes 
and a half, and draw the Lines 4+ D, and 4 E on the Point C, with the Ra- 
dius Cy, deſcribe the Semicircle y w 7. Divide 1 C, into any number of 


equal parts, ſuppoſe four, at the Points » gw, and thro' them draw the 


right Lines mo, pr, and , of length at pleaſure. Divide the Arches y 2, 
and 3 7, each into as many equal parts, as you divide the Line /C, which 
here is 4, as at the Points 1 z x, and 455 6, and draw the Ordinates 1 4, = 5, 
x6. Make ws, and vr, each equal to the half Ordinate B 6; alſo g 7 — | 
e ha 

inate 9 4. From the Points 5 4, thro' the Points ps, and or #, unto 
the Points y 7, draw the Lines þ y, and 4 7, ſo as not to make an Angle at any 
Point, and they will diminiſh the upper part of the Shaft, as required. As 
this Method is general for diminiſhing the Shafts of all the other Orders, no 
more need be ſaid on this Subject. | | 

In Plate XX, Fig. I. and II. is exhibited the particular Members of every 
2 part of this Order, with their reſpe&ive meaſures of Heights and 
ProjeCtions | | 
1 Pros. IV. Fig. II. Plate XIX. 

To proportion the Heights of the principal parts of the Tuſcan Order, by equal 
| arts. / 

Operation. Divide a J, the given Hei 2 into 5 equal parts; the lower one, 
g /, is the Height of the Pedeſtal, and the remaining 4 parts, a g, equal to nr, 
divided into 5 equal parts, the upper one is the Height of the Entablature, and 
the lower 4, the Height of the Column, which being divided into 7 equal parts, 1 is 
equal to its Diameter; and thus are the Heights of all the principal Parts 
determined. | | | 

| | 3 Pros. V. 7 

To divide the Height of the Tuſcan Pedeſtal, into its Baſe Die and Cornice, 

| and them into their reſpecti ve Members. : | 

Operation, Divide g /, Fig. II. Plate XIX, the given Height, into 4 equal 
Parts, as s v, give the lower 1, to the Height of the Pliath, one third part of 

Koldings to the Baſe, and half the 
upper one to g 4, the Height of the Cornice. 
To divide the Moldings of the Baſe and Cornice of the Tuſcan Pedoſtal. 
VR af | 1 0 Fig. IV. Plate XX. g 

Operation. Firſt, divide & 3, the Height of the Moldings on the Baſe, into 3 
equal parts; give the upper two to the 3 and the lower one to the Fillet. 


Secondly, divide a d, the Height of the Cornice, into three equal parts ; alſo the 


upper 1, hc, into two parts, and the lower 1, eg, into three parts. Then 
giving the upper 1 of bc, to the Regula, and the upper 1 of eg, to the 
'Ulet, the two Remains will be the Plat band and Cavetto. 


To determine the projections of theſe Members. 


25 Filser, Make the Projection of the Dado 4, equal to half the Height 
of the Dado and Mouldings on the Plinth taken 'togetae , thereby forming a ge- 


ometrical Square, as in Fig. II. Plate XIX, wherein is a Circle infcribed, 
Secondly, make the Projection of the Plinth and Regula, before the upright 


of the Dado, equal to the Height of the Cavetto and Fillet on the Eu. 
: "TH | Es Tiird y, 
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" Thirdh, divide F b, the aforeſaid Projection, into 6 parts, the firſt 1, flops the 

ene and the A de Plat. 

band and lower Fillet ꝛ. 1 oſt | | | 
ROB. 


To divide the Height of the Tuſcan Column, into its Baſe, Shaft and Capital, 

. and them into their reſpective Members. 

Operation. Firſt, Divide 6 g into 7 equal „ and take 1 for the Diame- 
ter. Make eg, and 5½ each equal to half a Diameter, for the Heights of 
the Baſe and Capital. This done, ſuppoſe G g, and à c, in Fig, XX, to be 
the Heights of the Baſe and Capital, as before found. _ 48 

| Jo proportion the Baſe of the Tuſcan Column. 

Divipe dF, equal to its Height a c, into 7 1 ive 4 to the 
height of the Plinth, and 3 to the Height of the orus; Ito make e 4, 
the Height of the Cincture, equal to 1 part. | 

95 determine the Projefions of the Members in the Tuſcan Baſe. 
+ Drvips c 3, equal to the Semidiameter, into 3 equal parts, and make c 4, 
equal to 4 of thoſe parts. Divide the part 3 4, in 5 equal parts, and a Line as 
hb i, being drawn from the ſecond part, lel to the centeral Line of the 
Order, will cut the central Line of the Torus in 3, its Center, and ſtop the 
Cin&ure at ». This being done, and the Shaft of the Column erefted on the 


Baſe, as before-taught, proceed we now 
| | To proportion the Tuſcan Capital. 


Divipe its Height Gg, equal to AB, into 3 equal parts. Divide the 


upper 1, 2s EF, into 4 parts, give the upper 4 to the Regula, and the lower 

dl he Abacus. Divide * e middle bs is parts ; 1e the upper 5 to * 
Ovolo, and lower 1 to the Fillet. The lower 1, is the Height of the Hyporra- 
chelium, or Neck of the Capital. Now to find the Projeftures of theſe Members, 
male gi, equal to half G g, and divide 4% equal to gi, into 6 3 the 


firſt x, ſtops the Fillet, the 4 parts and 3 the Ovolo, and the part the 


Abacus. 5% 
| The Aſtragal, to the top of the Shaft, is thus proportioned. 


Max qr its Depth, equal to half 4, the Height of the necking, which 


divide into 3 8 give 2 to the Aſtragal, and 1 to the Fillet. The Pro- 
jecture of the Aſtagal e, is equal to u, wiz. to half the Height of the Neck, 
which is equal to 4 of the whole Capital's Height, and its Fillet to 3 


thereof, 
„ ny h Pros. VII. 

To divide the Heioht of the Tuſcan Entablature, into its Architrave, Freeze, 

| | and Cornice, and them into their reſpectiue Members. : | 

Operation. Divide a 4, equal to its Height 4 G, Fig. III. Plate XX, into 
7 parts: give 2 tothe Height of the Architrave, 2 to the Height of the Freeze, 
and 3 to the Height of the Cornice. To divide the Architrave, divide C D, 
its Height, into 6 parts, and give the upper 1 to the Tenia, which is alſo 
called Diadema, a Bandlet or Fillet to bind the Head, whoſe Projection 4e, 
is equal to its own Height. Continue its face to F and b, making each equal 
to its Projection, and deſcribe the Quadrant ac, above the Tenia, for the 
immediate carrying the Rains from it, and the other below it, to ſtrengthen 
its Projection. : 
To divide the Tuſcan Cornice into its Members, 


Irs Height being before divided in 3 parts, divide the lower 1, J e, into 2 


parts, give the upper 1, to the Height of the Ovolo, and the lower 1, +5 f, di- 
vided in 4 parts; give the upper 1 to the Fillet, and the lower 3 to the Cavetto. 


Iheſe three Members taken together, ſorm that which Workmen call the Bed- 
Molcing of a Cornice, Divide the upper two parts of the Cornice into 24 
equal parts, as bc, give nine parts and a half, to the Height of the Corona, 
and to the Height of the Ovolo, and the Remains between them 1g. being 
diviced into 3 parts, give 2 to the Aſtragal, and 1 to the Fillet. The ts” 
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made on the conjugate Diameter, as Fig. X Plate LXIII. But when the gi- 
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is Cornice m /, is equal to its Height; therefore make ; againſt the 

gon equal — hole Projection, divide it into * — vide — 

F e Projection of the 
7 


Foot of the Cavetto, the 4th * its Fillet, the the Ovolo, and Sth its 
Fillet next under the Corona. The middle * being divided into 4 parts, 
the third from the left, ſtops the Drip of the Corona, and the fourth part 
the Face of the Corona, The third or outer part being divided into 2 parts, 
and the firſt one part into 4 _ the firſt 1 ſtops the Fillet x, and the next 
I —_—— and thus is the whole Order completed, by equal parts, as re» 
uired. - 
. * to proportion any part of this Order, to any given Height, theſe ate 
ules, vix. 1 | | | | 
I. To proportion the Column and Fntablature only, to any given Height, and tw 
| | | find the Diameter. | | 

Rule. Divide the given Height into 4 equal » the upper 1 is the Height 
of the Entablature, and the lower the which divide into 7 parts, 
and take 1 for the Diameter of the Column. | 

II. To proportion the Pedeſtal and Column only, to any given Height, and to 


find the Diameter. 

Rule. Divide the | qu Height into 21 equal parts, give 5 to the Height of 
the Pedeſtal, and 16 to the Column, which divide in 7 parts, and take 1 for 
III. To proportion the Height of the Tuſcan Cornice, to wny given Height. 

Tris admits of two Varieties, wiz. Firſt, being conſidered as the Cornice of 


an entire Order; and laſtly, as the Cornice of an Entablature, to a Column 


only. 

15 the firſt of cheſe Caſes, divide the given Height into 35 equal parts, and 
take 2 3, for the Height of the Cornice; and in the laſt Gale: take 3 parts, 
which divide into 3 parts, &c. as before directed in the Cornice of the 7u/car 
Entablature. | | 

Tux Intercolumnation of this Order, that is, the diſtance at which the 
central Lines of the Columns are to be placed from one another, is of divers 
kinds, and thoſe according to the Uſes they are applied to. As for Example, 
in a Colonade, as Fig. I. Plate XXII, the diſtance between their central 
Lines, is 5 Diameters In the Frontiſpieces, Fg. I. and II. Plate XXI, and 
in the Arcades 4 B C, Plate XXII. whoſe Columns are on Subplinths, they 
are at 6 Diameters diſtance. And in Arcades of Columns on Pedeſtals, as 
Fig. IV. Plate XXI. they are at 7 Diameters diſtance. 

When Tu/can Columns are placed in pairs, as abef, Fig. IT, and Jef ghi, 
Fig. D and F, Plate XXII. the diſtance of their central Lines, is 1 Dia- 
meter, 45 Minutes. | | 

Tae interc lumnation of Columns, in Tuſcan Portico's, are of two kinds, 
wiz, the middle 5 Diameters, as cd, Fig. II. Plate XXII, and the fides 4 
Diameters cach, as 6c and 44. bes | 


- BT F<: vs 
Of the \Nſanrer of compoſing Frontiſpieces, Arcades, Colonades, and Portico's, 
of the I uſcan Order. | 
RowTi:zPIECEs to Doors, are either ſtreight or circular headed, which 
laſt is either Semi-circular or Semi-Elliptical. EZ 

SEMI-CIRCULAR headed Doors,. are more graceful than thoſe that are Se- 
mi-E!]:ptica!, which laſt is ſeldom uſed but at ſuch times when the Height will 
not damit of a Semi-circle, as being either too high or too low. When the 
given Height that an Arch mult riſe above the Impoſts from which it ſprings, 
is more than half the Breadth of the opening, the Arch muſt be a Semi-Ellipſis, 


ven 
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ven Height is leſs than half the Breadth of the opening, the Arch mult be 


a Semi-Ellipfis, made on the tranſverſe Diameter, as Fig. IX. Plate LXIII. 


Ir is always to be obſerved in making of Doors with arched Heads, that their 
Impoſts be placed ſufficiently above a Man's height, that they may not obſtruct 
any part of the Entrance. K | : 

5 on. I. Fe. L Plate Ml. 
To make a Tuſcan ſquare-headed Door, with a circular pitch't Pediment. 

Dx Aw the Baſe Line, and at any point as 5 ere& the Perpendicular 6 e, and 
draw g b, and 4 i, — to the central Line 6 e, each at 3 Diameters diſtance. 
Set up the Subplinths g and 4, each 1 Diameter in height, and on them ere& two 
Columns with their Entablature, by Pxos. II, or 1. LECT. IV. and give 
the Subplinths 42 Minutes Projections on each Side of their central Lines. Make 
the Margins n, 30 Minutes in breadth, from the Cylindrical parts of the Co- 
lumns, and from the under part of the Architrave. Divide the whole Extent of 
the level Cornice into 9 equal parts, as is done in Fig. D. Plate XV. and ſet up 
two of thoſe parts from à to e, and draw the Line , for the upper part of the 
raking Cornicſe. „ F 

To proportion the raking Members to the raking Cornice, Fig. VII. Plate XV. 
From the point y draw 4, parallel to ? av, alſo-x x, parallel to dy. On any 
part of & x, as at a, erect the Perpendicular @ 7, which continue through the level 

' Mouldings. Make a6, e to op; be, equal to pg; c 4, * to 27; de, 
equal tors; and ef, _ to 5 #; and through the points abc def, draw right 
Lines parallel to x z, which will be the Members required. And which will have 
the ſame proportion to the raking Cornice, as the level Members have to the level 
Cornice. | „ uk 2 


| Do make a circular Pediment. 
LeT gi, Fig. E. Plate XV. repreſent the extent of the whole Entablature. 
Make x e equal to 2 ninths of gz, draweg, or ei, which biſect in For hᷣ, where- 
on erect the Perpendicular F, or 44, which will cut e x, continued in # the 
center, which in Fig. I. P/ate XXI. is the point f, on which deſcribe the Mem- 
hers found as aforeſaid. | : 

Pros. Il. Fg. IV. Plate XW. = 
To find the Curvature or Mold of the ge that ſhall mitre auith the Level 

, | | 


LeT q, be a part of the level Cornice, and an, the points from which the 
raking Cornice takes its riſe ; alſo let Fa, and g n, repreſent a part of the raking 
Cornice. On # ere the Perpendicular 2 6, and continue 1a, to 6; divide 52, 
into any number of equal parts, at the points 1 2 3, &c. and from them draw 
the Ordinates 1 2, 3 4, 56, Cc. In any part of the raking Ovolo as at c, draw 
the Perpendicular c, and make cd, equal to ô a, the Projection of the level 
Ovolo. Divide cn, into the ſame number of equal parts as are in 57, as at the 
points 135 7, Sc. from which draw Ordinates equal to the Ordinates in 6, 
and through the Points 2 4 6, c. trace the Curve required. In the ſame man- 
ner the Curvature or Mold may be found when the _ Member is a Cavetto, 
Cima recta, or Cima reverſa, as is exhibited in Fig. V, VI, and VII. 

PA O B. III. Fig. IV. Plate XV. | 

| To find the Curvature or Mala, of the returned Molding, in an open or broken 

| 5 Pedi ment. | 
LeT the point F, be the given Point, at which the raking molding, is to return! 
Continue 2, towards Y at pleaſure, and from the point F, let fall the Perpen- 
dicular fþ; draw Fe, parallel to h, and make Fe, equal to ô a, the Projection of 
the level Cornice. Drawer, parallel to , and divide eg, into the fame num- 
ber of equal parts, as are contained in 5, as at the points 13 5 7, Sc. from 
which draw the Ordinates 21, 43, 65. Cc. equal to the Ordinates in bn, 
through the points 2468, &c. trace the Curve required. In the fame man- 
ner the Curvature or Mold may be found when the upper Member is a Cavetto, 
Cima recta, or Cima reverſa, as is exhibited in Fig. V, VI, and VII. Plate 
XV. | 2 Ws POB. 
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To make a Tuſcan circular-headed Door with a pitch't Pediment, or Balluſtrade 
Ser up two Columns with their Entablature as before taught, making the diſ- 
tance of central Lines equal to 6 Diameters. Divide — the height of the 
Columns into 3 equal parts, and ſet down 1 part from = to g, for the Center of 
the Arch, and draw the Line g 7. Make the breadth of the Platters pg, each 30 
minutes. from the Cylindrical part of the Columns, and delineate the Impoſts 
and Architrave of the Arch as follows, wiz. 

In Fig. III. Plate XXI. a3 repreſents the breadth of a Pilaſter, make à 5 
equal to à 3, and divide à ö, in 3 equal parts at ; and g, then the upper 1, is 
the broad or Fillet, and the Jower) 1, the neck of the Impoſt. Divide 
the middle part in 4, give the upper 3 tothe Ovolo, and the lower 1 to its Fil- 
let. Make bc equal to half g &, and divide bc in 3 parts, give 2 to the Aſ- 
tragal and 1 to the Fillet : And thus are the heights of all the Members deter- 
mined. The Projection of the Regula on the Ovolo is 18 to its height, as is 
the Fillet under the Ovolo. The Projection of the Aſtraga 
tw, and its Fillet to 3 thereof. To divide the Architrave of the Arch, divide 


a 3, into 3 parts, the inward 1 is the breadth of 2, 3, the firſt Faſcia, half the outer 
one is the breadth of an, the Fillet, and the remains is the breadth of » 2, the 


great Faſcia, The breadth of the Key-ſtone 2m, on the lower part of the Ar- 
chitrave is one eleventh part of the Semicircle. Now if *tis required to finiſh 
this Door with a Pediment either ſtreight or circular, proceed therewith as before 
taught in Prop. I. hereof, and if with a Balluſtrade as on the left Side, then 


by PROB. V. LECT. IV. divide 4s, the height, which is equal to the 


height of the Pediment, into the ſame Parts as the Tuſcan Pedeſtal, making the 


breadth of the Dado of the Pedeſtal, equal to the Diameter af the Column at its 


Aſtragal, then the Cornice and Baſe being continued, and the Dado part filled 
with Baniſters, the whole will be completed as required. 

To divide the diflances of the Banifters. Divide the diſtance between the Dado 
of the Pedeſtal and the central Line 45, into 33 —_ parts, give 2 to the half 
Baniſter againſt the Pedeſtal, z to the Intervals or Diſtances between the Baniſ- 


ters, 4 to the breadth of each Baniſter, and 1 to the half Interval at the central 


Line à 6. | 

Tae Baniſter proper to this Order is exhibited in Fig. A B C. Plate LXVIII. 
with the Proportions of their Members adjuſted by equal Parts. | 

Note. If tis required to complete this Frontiſpiece ſtrictly, according to An- 
DREA PALLAD10's Meaſures, then inſtead of the preceeding Impoſt, we muſt 
inſert either of the Impoſts A or B in Plate XLII. where is exhibited all the Im- 
poſts to the five Orders by this great Maſter. 

Note alſo. If to ſuch a Semicircular-headed Door, tis abſolutely neceſſary to ſet 


the Columns on Pedeſtals, then the diſtance of the central Lines of the Columns, 


mult be increaſed unto 7 Diameters, as in Fig. IV. Plate XXI. 
Pros. V. Plate XXII. 
B To make a Tuſcan Arcade. 

Arxcapes are made in three different Manners viz. ff, of ſingle Columns 
as A BC, ſecondly, with Columns in Piers as DE, and laitly with Ruſtick Piers 
inſtead of Columns as FG, and HIK. 

To form the two firſt kinds of Arcades is no more than to place Columns at 
ſuch Diſtances as is expreſſed between their central Lines, and to complete them 
wirh their Pilaſters, Impoſts, and Arches, as taught in the laſt Problem. 

ARCADES With Piers, have their Piers of the ſame breadths as are equal to 
the breadths of the Pilaſters and Columns in the two former kinds, as is evident 
by the dotted Lines continued down to them; and the height of the level Ruſ- 
ticks from which the Arches ſpring, is the ſame as the height of the Impoſts in 
the former. The Ruſticks in the Arches are divided in different Manners, as 
Firft, Fig. D. where the Arch is divided into 11 parts, and their length made 
equal to half the breadth of the Pier. Secondly, Fig. E. where the Key-flone b, 

| | | is 
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is 1 eleventh part of the whole; the Sides @ ö, and cd, each equal to half 6c, 
then the Side oa, divided in 4 parts give 1 to each Ruſtick. Thirdly, Fig. C. 
is divided in the ſame manner as E, but its Pier G being but half the breadth 
of the Pier H, the lower Ruftick on each fide, is therefore omitted. Fig. B, is 
divided the ſame as Fig. D, with its lower Ruſticks omitted for the aforeſaid rea- 
fon. Fig. A. is divided the fame as Fig. E. and hath its lower Ruſticks omitted 
as in Fig. C. but its fide Ruſticks are ſquared, on their Sides by the central Line 
of each Pier, and at their Tops, by a Line drawn level from the upper of the 
circular Architrave. The circular Architraves in Fig. A B and C, have their 
heights equal to half the thickneſs of their Piers, and their Fillet is equal to 1 
fourth of their height, as expreſſed by the Diviſions on the right Side of the 


Key- ſtane in Fig. B. | 
| Ky. PrxosB. VI. Fig. I. Plate XXII. 
. To make a Tete; Colonade. | 

To form a Colonade is no more than to range Columns with their Entablature, 
at 5 Diameters diſtance as expreſſed between the central Lines of the Columns. 
The Intercolumnation of this Colonade is called Aræoſyle from the Greek Ara- 
| eos rare, and S$ty/o; a Column, by which Vitruvius ſigniſied the greateſt diftance 

that ſhould be made between Columns that have not Necks between them to aft 
fiſt the bearing of the Architrave. | | 3 
| I P oB. VII. Fre. II. Plate XXII. 

To make a Tuſtan Portico. age 

PorxTico's, were anciently Porches formed by Columns, ſupporting parts 
of Roofs, continued out beyond the uprights of the Ends of Temples, as the 
Portico of Sr. Paul's Covent-Garden. But now they are oſtentimes placed againſt 
the Fronts of Buildings ſupporting a Pediment, to diſcharge the Rains, and alſo 
in Gardens, to terminate the view of a Grand Walk, Cc. | 

Divips the given breadth into 35 Parts, and take 2 of thoſe for the 
Diameter of the Column. This done, ſet out the central Lines of the Columns, 
as expreſſed between them, and complete the ſeveral Columns with their Enta- 
blature. But as the four middle Columns, are finiſhed with a Pediment to make 
the Portico, they muſt advance 3 Diameters forward before the Range of the Co- 
lumns à and /, and Pilaſters muſt be placed behind the Columns 6 and e, in range 
with à and /, which indeed ſhould be Pilaſters alſo. | 

A PiLASTER, is called by the Greeks, Paraſlate, and by the Italians, Mem- 
bretti, and is nothing more than a ſquare Column, and is diminiſhed the ſame as 
a round Column, when ſtanding with Columns ; but when alone, it muſt not be 
diminiſhed, nor indeed even when with Columns, as in this Example, * when ſtand- 
bes 7 Angle, as thoſe of a and /. Becauſe the Quoins of all Buildings ſhould 
erect. ä 


Examples for Practice in the Tuſcan Order. = 

I. The Hebt of the Tuſean Architrave being given, to find the Height of its Freeze, 
and of its Cornice. RuLe, Make the Height of the Freeze equal to the Height 
of the Architrave, and the Height of the Cornice, to 3 fourths of the Height of 

= 3 and Freeze 5 fad 1 17 PF 
6 Height of the Tufean ice being given, to find the Hei the Archi. 
trave and of t © — LE, Divide the Height of the 88 in 3 parts, 
and — the Height of the Architrave, and of the Freeze, each equal to two 

parts thereof. : | | 855 

III. The Height of a Tuſcan Cornice being given, to find the Diameter of the Cclumn. 
'RuLE, By Example II. find the Height of the Architrave and Freeze, and add 
them to the Cornice ; multiply the Height of the Architrave, Freeze, and Cor- 
nice by 4, and divide their Product by 7, the Quotient is the Diameter required. 
IV. The Diameter of a Tuſcan Column being given, to find the Height of Cornice. 
RuLe, As 12 5 to 9, ſo is the given Diameter, to the Height of the Cornice 
required. | | | 1 
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V. The Height of a Tuſcan Architrave being given, to find the Diameter of the 
Column. Rur, Double the Height of the Architrave and it will be equal to 
the Diameter required, and ſo on the contrary, if the Diameter was given and 
the, Height of the Architrave required, then half the given Diameter is the 
H * of the Architrave. | | 

I. The Height of the Tuſcan Entablature being given, to find the Height of the 
Capital. Rule, Divide the Height of the e into 7 parte, and make 
the Height of the Capital equal to 2 of thoſe parts; and ſo on the contrary, if 
the Height of the Capital was given, to find the Height of the Entablature, di- 
vide the Height of the Capital in 2 parts, and make the Height of-the Entabla- 
ture equal to 7 of thoſe parts. | | 
VII. The Height of the Capital and Entablature being given, to find the Diame- 
ter. RULE, Divide the given Height of both Capital and Entablature into 
g equal parts, the Diameter will be equal to 4 of thoſe parts. | 


| LECTURE VI. 
Of the Manner of proportioning the particular Parts of the Dorick Order by Mo- 
dules and Minutes, according to ANDREA PALLADI10 ; and by equal Parts, com- 
. poſed from theMaſters of all Nations. | 


HE principal Parts of this Order by Axnpnra Par.iapio are exhibited 
; in Fig. I, and its Pedeſtal in Fig. III. Plate XXIII. The Baſe, Capital, 
Entablature, and Planceer of the Cornice are exhibited by Fig. I, and III. Plate 
XXIV. and as they are all proportioned by Modules and Minutes in the fame 
manner as the Tuſcan Order, it is needleſs to ſay any more thereof. 5 
OT | : N Soars 2 | 
To proportion the Heights of the principal Parts of the Dorick Order by equal Parts. 
* ab, Fig. II. 2 XXIII. be the given height, divide / . to a b, 
into 5 equal parts, give the lower 1 to the height of the Pedeſtal. Divide the 
4 remaining Parts into 5 equal parts, the upper 1 is the height of the Entabla- 
ture, and the lower 4 the height of the Column, which divide into 8 parts and 
take 1 for the Diameter of the Column. | 2 
PROBLEM II. . 
To divide the Height of the Dorick Pedeſtal into its Baſe, Die, and Cornice, and them © 
| into their reſpective Members. a ; 
LET ab, Fig. IV. be the given Height and central Line of the Pedeſtal, di- 
vide cd, equal to a, into 4 equal parts, give d 1, the loweſt part, to 4 L, the 
Height of the Plinth. Divide the next part in 3, as , and give 1 to , the 
Height of the Mouldings on the Plinth. Divide ?, in 8 parts, give 3 to the Ca- 
vetto G, i to the Filet J. 4 to the inverſed Cima recta K; and the lower 1 to its 
Fillet L. Make F equal c, to half the upper 4th part of the Pedeſtal's Height, 
which divide in 2 parts; divide 4g, equal to 1 quarter of ef, into 3 parts, give 
to the Fillet E. and 2 to the Aſtragal D. Divide 47, equal to half /, in 4 
parts, give the upper 1 to the Regula A, and the other 3, to the Faicia B. Ihe 


| remains is the Ovolo C. 


To determine the ProjeAions of the Members. 

Ix Fig. II. a Circle being inſcribed within the Dado of the Pedeſtal, ſhews 
that its height and projection are equal, therefore draw the Line 9 x, parallel to 
@ b, at the diſtance of half the height of the Dado F. Make av , equal to w x, 
and through the point ww, draw the Line wp, which is the Projection of the 
Plinth M, and Regula A. Divide pg, the whole Projection before the upright 
of the Dado, in 8 parts, and one half thereof as » 9, into 3 parts; the firit part 
of 10, is the Projection of the Fafcia B, and its laſt part, or th part of pg, of 
the Ovolo C, and the 6th and 7th parts of p 9, terminates the Aſtragal D, and 
its Fillet E. The firſt part of pg, terminates the Fillet L, the 5th part, the 


Fillet I, and the 7th part the Cavetto G. 


Q | PRO. 


LM 9 * r . T7 2 
* * _ : 7 $27 
1 * 


N 7 
* 365 4% 1 A WPI. * 
* 4 * — 
* : * * = 
* * A 


114 Of ARCHITECTURE. 
h | PROBLEM III. 5 1 5 
To divide the Height of the Dorick Column into its 24% Shaft and Capital, and them 
: ilints their reſpectiue Members. 

Divipe the given height into 8 parts, 1 is the Diameter, and as the height 
of the Baſe and Capital are each half a Diameter, therefore (as in Fig. II. Plate 
XXIII.) make 2, the height of the Baſe, and m, the height of the Capital, 
each equal to a Diameter. 

2 | To divide the Members of the Ba ſe. PEEL 1 

LeT a f, Fig. IV. Plate XXIV. be equal te a given Height of the Baſe. Di- 
vide af in two Parts, the lower 1 is the Height of the Plinth : Divide ce, equal 
to Half af, into 4 Parts; give the lower 3 to the Torus, and the upper i to the 
Aſtragal, which divide in 4 Parts, and make 5 c, the Height of the Cincture, e- 
qual to two Parts. „„ 
[ To determine the Projection of the Baſe. 


Dx aw the Line + 3 parallel to i & the central Line, and, at the Diſtance of }. 


Half a Diameter, divide 4 3 into 3 Parts, and make 4 4 the Projection of the 
Plinth, equal to 4 of thoſe Paris. The Projection of the Torus is always equal 
to the Plinth in every Order: The Projection of the Cincture is equal to a Per- 
pendicular drawn through the Center of the Torus; as is the Center of theAftra- 


gal alſo. 85 SES 
| ROE Fo divide the Members of the Capital. 

Ler RW, Fig. II. be equal to a given Height of the Capital, divided into 
3 equal Parts, as q 1 2 3, and the lower 1 Part is the Height of the Neck: The 
middle Part, equal to x y. divided in 3 Parts, the upper 2 is the Height of the 
Ovolo, and the lower 1 divided in 3, as az, the upper 2 is the Height of the 
Altragal, and the lower 1 the Fillet: The upper third Part, equal, to ſav, divi- 
ded into 3; the lower two is theHeight of the Faſcia, and the u per 1 divided 


vc N = 
| To determine the Projectures of theſe Members. on | 
LeTr RW repreſent the central Line of the Column, to which draw the up- 
right Line of the Column SA, parallel to RW, at 24 Minutes Diſtance : Make 
S T equal to Half RS, and from any Part of the Neck of the Capital, as at A, 
draw the Line AB equal to 8 T, which divide in 4 equal Parts; the 1 Part ter- 
minates the Projection of the Aſtragal under the Ovolo, and à thereof its Fillet, 
the 3d Part terminates the Faſcia of the Abacus, and + thereof the Ovolo. The 
| 2 at C is proportioned in the ſame Manner as the Aſtragal to the Tuſcan 
olumn. . | | 
Tas Shaft of the Doric Capital is ſometimes fluted, either, according to the 
Manner of the Ancients, without Fillets, as on the right Hand of Fig. III. 
Plate X. or, according to the modern Manner, with Fillets, as on the left Side, 
in manner of Ionic Flutes. Tis ſaid, that the firſt fluted Columns were thoſe of 
the renowned Temple of Diana, built at Epbeſus, as ſome think, by the Lmazons, 
which were of Marble, 70 Feet in Height, and whoſe Flutings were made in I- 
mitation of the Plaitings in Womens Robes: This Building employed 200 Years 
to finiſh it, at the Expence of all 4/fa.. The Number of Flutes to the Doric 
Shaft was originally but twenty, as they ſtill ſhould be made, that their Breadths 
may be greater than thoſe of the nic and other Orders, which are always 24 
in Number: And the Reaſon is, that as the Doric Order hath a Maſculine A- 
ſpect, its Parts ought to be larger and bolder than the Ionic, which repreſents a 
feminine Slenderneſs. But how juſt the Precepts of the Ancients may be, ſome 
modern Architects. take liberty to decorate the Doric Shaft with 24 Flutes with 
Fillets, thinking thote of 20 too large. And indeed, when the Order is made 
within a Building, and near to the Eye, I think 24 to be better than 20, which 
are much better in Columns that ſtand abroad, and ſeen at a great Diſtance. 


ProB. 


2 3, the upper 1 is the Height of the Fillet, and the lower 2 of its Cima Re- 
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To divide the Flutes, or Flutes and Fillets, in the Shaft of the Doric Column. 

FigsT, According to the manner of the Ancients, let i +6, Fig. IV. Plate 
XXIV. repreſent one Half of a Part of the Doric Shaft; on # deſcribe the 
Quadrant 1 2 3 4, Cc. &, which divide into 10 equal Parts; divide any 2 of the 
parts, as 345, each into 2 parts, and on the points 3 and 5, with 3 of thoſe 
parts, make a Section, on which deſcribe the Curve 3 5. In the ſame manner 


_ deſcribe all the others. Now, if from the Points 1 3579, you draw right 


Lines, parallel to the central Line i 4, and terminate them with Arches, which 


mall end level with the upright Part of the Shaft, they will be the perſpective 


Appearances of the ſeveral Flutings. | 

SECONDLY, According to the manner of the Moderns : Let cz x x, Fig. III. 
Plate X. repreſent a Part of the Doric Shaft. | 

Hir, DAw ab the central Line, on à deſcribe the Semicircle c x, ve 


divide into 12 equal parts, to which draw right Lines from the Center a, an 


continue them out ſomething beyond the Semicircle. In the Quadrant 4 , on 
the points 6 5 4 3, Cc. with a Radius equal to Half one part, deſcribe the Qua- 
drant * 3, and Semicircles 3 67, capa + On the Points r 67, &c. with the 
Radius r 3, deſcribe the Arches g3, 3 f, tv, Cc. which are the Flutes without 
Fillets. Secondly, In the Quadrant cb, divide any one of thoſe 6 parts into 8 
equal Parts, and with a Radius equal to 3 of thoſe parts on the 1 6, 9, 13. 
17, &c. deſcribe the Arches pg, 111 , /15 u, &c. which will be the Flutes, 
and the Intervals op, mn, 51 c. left between them will be the Fillets; and 
if from the points pan ml/h, &c.-right Lines be drawn, parallel to the central 
Line, and terminated at che lower part of the Shaft with Arches as before, they 


will be the perſpective Appearance of the Flutes and Fillets, as required. In 


theſe ſeveral manners, the Breadth of Flutes, or of Flutes and Fillets, may be 
found at the upper part, and in any part between the upper and lower parts of a 
Column. It is alſo to be 3 that the Flutings of Columns are ſometimes 
filled for one third part of the Column's Height, with Staves or Cablings, which 
are thus deſcribed, wiz. on the points 15, 11, &c. with the Radius 11, 9, de- 


_ ſcribe the Arches 10, 9, 12; 14, 13, 16, Sc. which are the Plans of the Ca- 


blings, and which are ſometimes enrich'd with Ribboas, Pearls and Olives, &c. 
as exhib ited in the upper part of this 3 | | 
. ROB. V. | — 
To di vide the Height of the Doric Entablature into its Architrave, Freeze and Car- 
nice, and them into their reſpectiue Members. 
Let 4 R, Fig. II. Plate XXIV. be the central Line and given Height, which 
divide into 8 equal parts, give 2 to the Height of the Architrave, 3, to the 


Height of the Freeze, and 3 to the Height of the Cornice. 


To divide the Architrave. | 

Divide p, the Height of the Architrave, into 6 parts, give the upper 1 to the 
— of the Tenia, the next 1 divided in 4, give the upper i to the Height of 
the Fillet, over the Drops, and the lower 3 unto the Height of the Drops. | 
To diviae the Triglyphs and Metops in the Freeze, Fig. V. and VI. Plate XLIV. 

TRIGLYPHs are Ornament placed in the Doric Freeze, and were firſt uſed in 
the De/phic Temple, repreſenting an antique Lyre, a muſical Inſtrument invented 
by Apollo. The word Triglyph comes from the Creek Tery avg, fignitying a 


_ taree-{culptur'd Piece, guaſi tres habens Glyphos, which the [talians call Planctti. 


A Triglyph conſiſts of ſeven parts, viz. two entire CH bes or Channels, two 
Semi- Glnpbes, and 3 Spaces or Interſtices between them. Ihe Breadth of a Tri- 
glyph is equal to 30 Minutes, and of a Metop 45 Minutes, which being equal 
to the Height of the Freeze, is therefore a geometrical Square. | 
MEerores are the Intervals or ſquare parts of the Frecze that are contained 


betwern the T riglyphs, and receive their Name from the Greek Meta and che, be- 
tween three, Which anciently was carich'd with Oxcs Skulls, Inſtruments of Sa- 
criſice, Trophies of War, Sc. 
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Le angr be the Breadth of a Triglyph, which divide into 12 equal Parts, as 
at an, from which draw the Lines 17, 2 2, 3#, &c. which continue upwards 
through the Cornice unto ih, Cc. and downwards through the Tenia and Fillet 
of the Architrave; make a b and nx each equal to 2 of the 12 parts in a , and 
draw the Line xz; make &f, ie, In and =p, each equal to 1 of the 12 parts, 
and draw the miter Lines cf, de, eg, hm, mk and op, which will compleat the 
Triglyph as required. a pe | f | 
To form the Drops under the Tenia of the Architrave. 


Faou the Points x 2 458 10 12 draw Lines towards the points r, &c. ſtop- | 


ping them at the Fillet va, and they will form the Drops as required. 
| | To form a Metop, as nbra. 
Max HAB and ra each equal to ar, and draw the Line 54, then »b r @ is the 
Metop required. If it is required to make a hollow Pannel therein, as de hi, 
divide 4 in 6 parts, and make the margin about the Pannel equal to 1 of thoſe 
parts, alſo divide the margin into 5 parts, as at Ac, and make the Breadth of 
the Moulding within the Pannel equal to 1 of thoſe parts; then drawing the 
Diagonals dz and ce, their Interſection is the Center, about which place a Roſe, 
or any other Ornament at pleaſure. : FR 
To divide the Cornice into its reſpective Members, Fig. II. Plate XXIV. 

Tux Height of the Cornice being 3 Eights of the whole Entablature as afore- 
ſaid, divide the lower 1 into 3 parts, give the lower 1 to the Height of the Cap- 
Ping to the Triglyph ; divide the remaining height equal to 5 into 4 parts, and 
the lower 1 thereof into 6, then the lower 1 is the height of the Aſtragal under 
the Ovolo, and the next 4 is the height of the Ovolo; the ſecond part of 5 o 
being divided in 3, the loweſt 1 is the height of the Bells or Drops, the next 1 
of their Faſcia I. and the upper 1 divided in 3, the upper 1 is the Height of the 
Fillet, and the lower 2 of the Cima reverſa ; the third 1 of þ divided in 6, the 
upper 1 is the Height of the Fillet to the Corona, and the lower 5 is the Height 


of the Corona; laſtly, the upper 1 of 6% divided in 4, the upper 1 is the Height 


cf the Regula, and the lower 3 of the Cima reverſa. | 
To determine the Prejections of the Members in this Cornice. 

The Upright of the Columm and Freeze x OS being before drawn, make x M 

equal to helf the Height of the whole Entablature, and from any part of the 

Upright of the Freeze draw a Line, as OP, equal to the Projection x M, which 

divide into 4 equal parts at 1 2 3; divide the iſt part in 3, the firſt 1 is the Pro- 

jection of the Tema in profile againſt the Return, and of the Aftragal under the 


Ovolo, which divide in 4, the iſt 2 is the Projection of the Triglyph in Return, 


the next 1 of the Capping to the Triglyph over the Freeze, and of the Fillet and 


Drops under the Tenia of the Architrave. 
THe remaining 2 parts of the firſt 1 of OP divided in 6, the firſt 3 terminates 


the Ovolo, and the next 1, the platform K, againſt which the Mutules are placed. 


The zd Diviſion cf OP terminates the Fillet of the Cima reverſa, that crowns 
the Mutules, and this third part divided in 3, and the laſt 1 in 3, the firſt 1 ter- 
minates the projecting Mutule L. Laſtly, the laſt part of OP, equal to QR 
divided in 9, the firſt 4 terminates the Projection of the Corona, and the next 1 
its Fillet, d | | 

MuTuLEs are a Kind of Modilions, that are always placed perpendicularly 
over the Triglyphs, to ſupport the Corona, as well of Pediments as of ſtraight or 
level Cornices, and whoſe Breadths are always equal to the 'Triglyphs, as exhibi— 


ted in Plate XVI. The Word Mutule comes from Mztz/i the Latin for Modi- 


lion. 5 | 
Tu Figure DEFG is the Plancere or Cieling, which the Lalians cali Sofito, 
of a Mutule, whoſe Sides are each divided into'6 equal parts, and parallel Lines 
drawn from them, divides the whole into 36 Geometrical Squares, in whole 
Centers the Drops or Bells are placed; and if from their Centers right Lines be 
drawn up'to- the projecting Mutule K L, they will be the central Lines over which 
the 6 drops between K and Lare to be placed. | | . 
| | ; * E 


. 
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Tux central Lines of the Drops to HI the Mutule in Front, are determined 
by the Continuation of the twelve Lines from the Triglyph, which alſo makes 
the Breadth of the Mutule equal to the Breadth of the Triglyph, vide Fig. IV. 
Plate XLIV. where ed ab is a compleat Mutule in Front, and Fig. III. a Mutule 
in profile, divided as aforeſaid, whoſe Drops are drawn to the points 2, &c. 
ad — Interſections of their central Lines, with the Line c drawn through the 
midſt of the Faſcia a o. 


In Plate XXV. is exhibited various manners of making the Returns of the 
planceres of the Doric Cornice, wherein *tis to be noted, that Fig. I. and V. 


which are Returns at external Angles, have but 18 Bells or Drops, each accord- 


ing to Palladio, and Fig. IT. which is a Return at an external Angle, has 36, as 
at F. 24%, That ſometimes Mutules are made ſquare, and ſhew but 28 Bells, 
as at B and D, Fig. IV. which is a Return at an internal Angle, as alſo is Fzg. III. 
whoſe ſhaded parts A B GCE F G repreſent parts of Columns, whereby it's ſeen, 
that the Mutules D E in Fig. III. DF in Fig. II. and BD in Fig. IV. ftand 
directly over their reſpective Columns. The Coffers or hollow Pannels E A B C 
in Fig. II. and A C in Fig. IV. are to be enriched with Roſes, as A, Fig. I. Ex- 
amples of which are given in * A, «ay D, E, Plate XXXVIII. 
KORB. VI. 
Jo determine the Intercolumnations of the Doric Order. 

ation. As the breadth of a Triglyph, is always equal to 39 Minutes, and 

the breadth of a Metop to 45 Minutes, therefore the Sum of the Minutes con- 


tained in the Triglyphs and, Metops, that are required between the central 


Lines of two Columns, is always the Intercolumnation, or diſtance at which 
the Columns are to be placed. Therefore to have 1 Triglyph between, as 
a b, or e f, Fig. II. Plate XXVII. the Diſtance muſt be two Diameters, 30 
Minutes. If 2 Triglyphs between, as 6c, and de, 3 Diameters, 45 Minutes; 
if three Triglyphs, as cd, 5 Diameters; if 4 Triglyphs, as over each of the 
Arcades, Fig. ABC, &c. 6 Diameters, 15 Minutes, c. Hence *'tis plain, 
that in the making of Frontiſpieces, &c. to any given Height, the Breadth 
cannot be confined ; and therefore when ſuch a Caſe happens, the Triglyphs 
and Mutules muſt be omitted; and the diſtance between the Columns, ſhould 
not exceed 4 Diameters. | 55 f 

In Plate XXVI, Fig. I. and II. are Deſigns of Doors, the firſt with a 
ſquare Head, with both circular. and pitch'd Pediments over it, the other 
with a Semi-circular Head, with à Balluſtrade and pitch'd Pediment, which 
are given for Examples, as alſo is Fig. III. which is half of an Arcade on a Pedeſtal. 

Fig. IV. is the Doric Impoſt at large, whoſe Height, a &, divided in z, the 


lower 1 is the Height of the Neck, the upper 1 divided in 4, the —_ 
he 


1 is the Height of the Fillet or Regula, and the lower 3 of the Faſcia, 
middle 1, divided in 3, the upper 2 is the Height of the Ovolo; and the 


lower 1 divided in 3, the upper 2 is the * and the lower 1 its 


Fillet. Ihe diſtance @ 1, repreſents the breadth of the Pilaſter, and 7 s its 
upright. Make 7 4, the Projection, equal to one third of ai. Make z g, e- 
qual to 15, which divide in 4, then the firſt one determines the Projection 
of the two Fillets, to the two Aſtragals; the third part the Ovolo ; and half 
the lait part, the Faſcia of the Abacus. 

Tus depth of the Aſtragal & 4, is equal to half the Height of the Neck, 
divided in 3, give 2 to the Aſtragal, and i to the Fillet. In Plate XX VII, 
Fig. I. is a Colonade, Fig. II. a Portico; F. ABCDE Arcades, with ſingle 
Columns, and Columns in pairs, and FGHIK, are rufticated Arcades, 
which are given as Examples for Practice. | | 

Examples for Practice in the Doric Order. | 

I. The Height of the Doric Architrave being given, to find the Height of the 


Freeze, and of the Cornice. Ru l E, Divide the Height-of the Architrave, into 2 
| equal parts: make the Height of the Freeze, and of the Cornice, cach equal 


to 3 of thoſe parts. 
8 II. 


the Height of the Capital was given, and the 


ct 
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II. The Height of the Dorick Cornice being given, to find the Height of the A. 
chitraue, and of the Freeze. Rule. Divide the Height of the Cornice, into; 
ual parts; make the Height of the Freeze, equal to the Height of the Cor- 


nice, and the Height of the Architrave, to two thirds of the - Cornice. 


III. The Height of the Dorick Cornice being given, to find the Diameter of the 
Column. RULE. Divide the Height of the Cornice, into 3 equal parts, and 
make the Diameter equal to 4 of thoſe parts. „ | 

IV. The Diameter of a Dorick Column being given, to find the Height of the 


Dorick Cornice: RuLs. Divide the Diameter into 4 equal parts, and make the 


Height of the Cornice, equal to 3 of thoſe parts. | | 
. The Height of the Dorick Architrave being given, to find the Diameter of 
the Column. RuLs. Double the Height of the Architrave, and -*twill be equal 


to the Diameter required. 


VI. The Height of the Dorick Entablature being given, to find the Height of the 
Capital. RuLe. Divide the Height of the Entablature, into 4 parts, make 
the Height of the Capital equal to 1 of thoſe one ; and ſo on the contrary, if 

eight of the Entablature required, 

'tis — than to make the Entablature equal to 4 times the Height of the 
Capital. | Fe, 

II. The Height of the Entablature and Capital being given, to find the Dia- 

meter. RuLE. Divide the Height of the Capital and Entablature, into 10 


parts, and take 4 of thoſe parts for the Diameter required. 


\ | . | LSCS. VI, 5 5 
Of the particular parts of the Io x I OR DEA, proportioned by Modules and Mi- 
nutes, according to Au DREATPTATIADIo, and by equal parts, compoſed from 
the Maſters of all Nations. | : v 
HE principal parts of this Order, are exhibited by Fig. I. Plate XX VIII, 
and the particular parts, by Fig. I, and II, Plate XXIX, which in ge. 


. neral are determined by. Minutes, as the preceding Orders. 


Pros. I. Fig. II. Plate XX XII. 
To proportion the Heights of the principal parts of the lonick Order, by equal 
; parts. | LE 

FixsT, Divide df, equal to the given Height, into 5 equal parts; give 
the lower 1 to /s, the Height of the Pedeſtal. Secondly, divide @ m, equal to 
the remains, into 6 equal parts; give the upper 1 to the Height of the Ents- 
blature, and the lower 5 to the Height of the Column, which being divided into 
9 equal parts, take 1 for the Diameter of the Column. x TD 

| Pros. II. Fig. IV. Plate XXVIII. 

To divide the Tonick Pedeflal into its ere parts, and them into their re- 

b | ſpetive Members. 

Fixsr, Draw qw for the baſe Line, and 3 for the central Line. Se- 
condly, Divide z g, equal to s w the = Height, into 4 equal parts; 
give half the upper 1 to the Height of the Cornice, and the lower 1 to the 
Height of the Plinth. Divide op equal to the ſecond part, into 3 parts, and 
the lower 1 equal to xy, into $ parts; give the upper 2 to the Cavetto, half 
the next 1 to its Fillet, the lower 1 to the Fillet on the Plinth, and the remains 
to the inverted Cima. 'Fhirdly, Divide , equal to the Height of the Cor- 
nice, into 4 equal parts, the lower 1, divided in 3, the upper 1 is the Height 
of the Aſtragal, half the next the Height of the Fillet, and the remains is the 
Height of the Cavetto. The ſecond part of In, is the Height of the Ovolo, 
the next 1 of the Platſorm or Faſcia, and the upper 1 divided in 3, the upper 
1 is the Height of the Fillet, and the lower 2 of the Cima-reveria. £ 

To determine the ProjeZions of the Mouldings. 

Tux Diameter being before ſound, by Pron. I. hereof, divide it into 6 
equal parts, and draw mr, parallel to 5 w, at the diſtance of 4 parts. Make 
J x, the Projection of the Plinth, and m the Cornice, equal to y x, and * 
| 2 
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ts, pa rallel to 7. In any place inſt the upright of the Dado, as at 5, 
draw 4 b, equal to z % which ride in 4 equal ah, The firſt 1 terminates 


the Projection of the Platform or Faſcia of the Cornice, the next 1 the Ovolo, 
the third 1, the Cavetto's to both Baſe and Cornice ; and which being divided 
in 3, as cd, or 15 the laſt 1 terminates their Bottoms, then half the firſt 
1 terminates the Fillet z on the Plinth, which completes the whole, as re- 


uired. | ” 
55 Pros III. Fig. IT. Plate Xx VIII. 
To divide the ' Height of the * * into its Baſe, Shaft, and 
: ital. 

Tas Height 5 , equal to #7, "bale divided into 9 equal parts, give half 
the lower 1 to the Height of the Baſe. Divide 7g, equal to the upper 1, into 
6 parts, give the upper 4 parts to the height of the Capital, the remains be- 
tween is the Height of the Shaft. | 

=" Pros. IV. Fig. IV. Plate XXIX. 
T divide the Baſe of the lends Column, into its reſpetive Members, 

Draw oz for the Baſe Line, and ao for the central Line. Divide 5 , 
equal to the given Height, into 3 parts. Divide »/, equal to the middle part 
into 6, then the lower 1, with the lower 1 part of h n, is the Height of the 
Plinth, the next 1, the Height of the Fillet, and the upper 4 of the Scotia. 
Divide the upper 1 of n, in 2 parts; divide i 4, equal to the lower 1 in 3 
parts, and give 1 to the Fillet under the Torus; the upper 2, with the up- 
per 1 of 2. is the Height of the Torus. Make c 4, the Height of the 
CinQure, equal to one 4th of fg. To determine the Projettures. Draw /p, 
parallel to @ o, at the Fifance of half the Diameter before found. Divide 
oþ in three parts, and make p x, the Projection of the Plinth, equal to 1 

rt. Divide e in 3 parts, then the firſt 1 terminates the Projection of the 
Fillet v, the Center of the Torus ao, and the Cincture x. Biſect the laſt part 
in 7, which terminates the Projection of the Fillet 5, and completes the 
whole, as required, _ | | | b 

. Pros. V. " 


To divide the Height of the Tonick Capital, into its ſony Members, 

Draw the Line 17, 19, for to repreſent the top of the Aſtragal, to the 
Shaft of the Column, and 17 11 for the central Line. Divide r g, equal to 
the given Height, in 4 equal parts; then the upper 3 of thoſe parts, is the 
Height of the Volute and Abacus. Divide the upper 1 part, into 8 parts; 
give the upper 3 to the Ovolo, the next 1 to the billet, and the lower 4 to 
the Faſcia. Divide L M, the Height of the Volute, into 8 parts; make the 
Height of the Ovolo, equal to the fifth and 6th parts, the Aſtragal under 
it, to the 4th part, and the Fillet under that, to the upper half of the third 
part. Make sf, the Height of the Aſtragal on the Shaft, equal to one Sth 
— of rg, which divide in 3 parts, and give 2 to the Aſtragal, and 1 to the 
Fillet. | | | 

| To determine their Projetions. 

Cegnrtinve the central Line towards I at phaſes, and in any part of it, as 
at I, draw a Lineat right Angles, as I K, equal to three 4ths of the Diame- 
ter, which divide into 9 equal parts, each equal to 5 Minates. Draw the up- 
right of the Column, at 25 Minutes diſtance, parallel to the central Line, 
alio the Line 13, 3o, at 30 Minutes diſtance, which terminates the Projection 
of the Aſtragal on the Shaft, and the Aſtragal to the Capital, whoſe end 
at 13 is the Eye of the Volute, . Biſect the Height of the Aſtragal to the Ca- 
pital, and draw its central Line 12, 29. Divide the diſtance between 25 and 
39, in IK, into 3 equal parts, and from the ſecond part draw the I.ine 2, 
22, 16, parallel to the central Line, which will terminate the Projections of 
the two Fillets at 22 and 16, and being continued, will interſe& the cen- 
tral Line of the Aſtragal 12, 13, in the Center of the Eye of the Volute. 
Make 11, 10 in the Capital, equal to 35 Minutes of I K, for the Projec- 

| | tion 
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tion of the Ovolo. From the Points 40 and 45, in 74, draw the Lines N 40, | 


and O K, parallel to the central Line, which will terminate the Projections 
of the Angles of the Abacus. In any places, as at a6, and cd, draw two Lines, 
as ab, — c 4, between the afore-drawn outward parallel Lines. Divide a 3, 
in 5 parts, and cd, in 2 parts; then the third and 4th parts of a6, terminates 
the Projection of the Faſcia and Fillet, the Abacus in Front, and half c 4, the 
Fillet of the returned Abacus ; and as the Abacus of this * is made cir- 
cular on each ſide, as in the quarter Plan underneath, tis neceſſary to ſhew how to 
deſcribe the ſame. The aforeſaid Lines, for finding the Projection of the Capital 
being deſcribed, thro' any part of the central Line, as at the Point 18, draw 
the Line Z 18 X, at right Angles, and make 18 Z, equal to 18 X. On the 
Points Z and X, with the Radius Z X, make the equilateral Section F, on which, 
with the Radius F 32, deſcribe the Arch 31, 32. Make 31 P, equal to 11 
10, the Projection of the Ovolo under the Abacus, then the Point P, is the 


Center of the Plan; whereon, with the Radius 31 P, deſcribe the Quadrant 


31, 4. In a whole Plan of a Capital, continue the Lines 31 P, and P 4, the two 


 Ddemi-diameters, out both ways at pleaſure, and thereon ſet the diſtance F I, 


which will give you the other 3 Centers, on which the Arches of the other 3 
ſides may be deſcribed; on the Center P, with Radius s, equal to the up- 
right of the Shaft, the Projection of the Aſtragal, and of its Fillet, deſcribe the 
Arches 1 2 3, laſtly make X 33, equal to X 32, draw the Line 32, 33, whereon 
deſcribe the equilateral Triangle 32, 33, 34, whoſe Sides will be interſected by 
the Arches deſcribed on the Center F, c. and then right Lines being drawn 
from one reſpective Interſection to the other, and the like being performed at 
every of the four Angles of the Capital, the Plan will be completed. Op 

Tun next work in order to complete the Capital, is to deſcribe its Volutes 
which may be done by either of the following Problems. ; | 

| PRO B. VI. Fig. P. Plate XII. 
| Jo deſeribe the bonick Volute. 

LeT ai, be the given Height. | 

Divive the given Height into 8 equal parts at the points 5 de fg b, which 
are alſo numbered, 1234567; biſect the 5th Diviſion /, in x, and on x 
with the radius x e, deſcribe a Circle as wewf, which is the Eye of the Volute. 
Through x draw the Line , at right Angles to @ 1, and then complete the 
geometrical Square wwe wv f, and biſect its Sides in the points 123 4. Draw the 
Diameters 2, 4, and 1, 33 and divide each Semidiameter in three equal parts at 
the points 1234567891011 12, which are the Centers on which the Con- 
tour or Out-Line, of the Volute is to be deſcribed, as following, viz. the Point 1, 
is the Center of the Arch a 4, the Point 2, of the Arch & i, the Point 3, of the 
Arch 7 /, the point 4, of the Arch /c, the point 5, cf the Arch c, the point 
6, of the Arch 7 o, the point 7, of the Arch 0 4 the point 8, of the Arch pg, 
the point g, of the Arch 9, the point 10, of the Arch , the point 11, of the 
Arch 5 t, and the point 12, of the Arch te. 

x To deſcribe the inward Line, which diminiſhes the Liſt. | 

Divipe each third part of every Semidiameter of the geometric?] Square 
wwewf, into 5 equal parts, as is done in Fig. L, which is the Eye of the Volute 
at large. The firſt one, within each of the aforeſaid 12 Centers, are the Centers 
for deſcribing of the inward Line, which Centers are numbered, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24. | 
| | PRO B. VII. Fig. I. Plate XIII. 

To deſcribe the lonick Volute, a ſecond way. 

Ler K 8, be the given Height. 5 

iſt, Divide the given Height into 8 qual parts, and in the 5th diviſion de- 
ſcribe the Eye of the Volute as in the preceeding. | | 

TuRovGH E the Center, draw the Line 2 6 E b, alſo draw the oblique Lines 
1,5, and 7, 3, each at 45 Degrees diſtance from the Line «FE 44, which is 
called the Cathetus. | | | 
| | 2dly, 
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A dadly, draw B A, Fig. II. equal to and a half; on A ere I 
4 = AC; * Fr equal 22 and half, and draw the 18 | 
on A, with the Radius equal to half a part, viz. equal to E 24, in Fig I. de- 

- ſcribe the quadrant E g, and draw the Line g B, on B with the alice B g, de- 

ſeribe the Arch g D, which divide into 24 equal parts, through which from B. 
draw right Lines to meet the Tangent Line C A, in the points 1 2 3 45, SC. 
Maxx EI, EZ, Ez. E 4, E, E 6, Ey, ES, c. in Fig. II. equal to A r, 
Az, A3, A4, A 5, A 6, A7, A8, &c. in Fig. I. On the points & and 1, in 

Fig. I. with the diſtance 1 E, make a Section within the Eye of the Volute on 
which deſcribe the Arch a 1. On the points 1 and 2, with the diftance 2 E, 

make a Section in the Eye as before, and thereon deſcribe: the Arch 1, 2. On 

the points 2 and 3, with the diſtance 3 E, make a Section as before, whereon de- 
ſcribe the Arch 2, 3, proceed in like manner untill the out Line be completed. 

| Tuo diminiſh the Lift of the Volute. 

Lier AF, be fts given breadth. Lge 4 oe 
DivIiDE @F, into 24 equal parts, and make 1 a, equal to 23 parts of à F; 
2 5, to 22 parts; 3c, to 21 parts; 4 4, to 20 parts; 5e, to 19 parts; 6% to 18 
parts, c. Proceed then to find Sections for the ſeveral Arches, which paſs 
through the points a 5c 4, Cc. as was done for the outward Arch, i234 5, 
Ee. and they will complete the diminiched Liſt as required. N 
| N 88 Volute was anciently deſcribed by ſix Centers as follows, Fig. III. 

e : ED Fo 
Surrosg af, to be the given height. e 98 
Diving the given height into 8 equal and make the Eye equal to the 

5th Diviſion, as in the preceeding =. 0? ay c : | 
Divips the height of the Eye into 6 equal parts, as at the points 1, 3, 5, 6, 

4» 2, which are the Centers on which you may deſcribe the out Line as follow- 
mg. ; > 4 

ag | I 4 . 42 9 


9 fb% 
with the) 3 6 | deſcribe theJb ie 
Radius 4 e {. Semi-circle-} e & c 
«6-4 wh cid 
= =: 5 dm1}). | 
To deſcribe the inward Line of this Volute. | 
Divip each 6th part of the Eye, into 4 equal s, (as in Fig. A, which 
is the Eye of the Volute enlarged, for the better u 8 the Situation 
of the Centers) and take the next inward one's for the fix other Centers, on which 
. you may deſcribe the inward Line as required. 4 ; 
Note. It is beſt, to begin the deſcribing of this inward Line, at the Eye, and 
work outwards, for if any miſtake ſhould happen in practice, tis much eaſier 
rectified in the outward parts than in the inward, where the parts are nearer 


together. | ket 
Pros. VIII. Fig. N. Plate XII. 
To deſcribe an Elliptical Valute of any Height and Breadth required. 

LET 4m, be the given Height, and Fe, the given Breadth. | 
 FigsrT, by either of the preceeding Methods, deſcribe a Volute as Fig. H. 
whoſe Height is equal to the given Height, and as its Breadth is always equal to 
Z of its Height, therefore make /, ood ab, equal to4 of ea. Divide ea, and 
F 6, each into 8 equal part, and the Lines a 6, and e/, each into 7 equal parts, 
and draw the Horizontal and Perpendicular Lines, which will form 56 geome- 
trical Squares. Secondly, Complete the Parallelogram f e b a, making its Height 
and Breadth equal to the Height and Breadth given. Divide fb, and ea, each 
into 8 equal parts, alſo f e, and 6 a, into 7 equal parts, and then drawing the 
ſeveral Horizontal and Perpendicular Lines, as in Fig. H. you will form 56 Pa- 
rallelograms. Now as the parts of the elliptical Volote mutt have the ſame 


which together form 
the out Line of the 
Volute as required. 


& 

— 

* 
n 


Heights as the like parts in the _ Volute. Therefore make the Ordinates 
+? dc, 
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de, bg, ih, el, p,r,ty, bz, Ce. in Fig. N. equal to the Ordinates dc, bg, 

1 l, el, p, r, t, y, Cc. in Fig. H. and then every of the elliptical Volute 
N, will affect the 56 Parallelograms in the very fame manner, as the circular 

Volute H, doth the 56 geometrical Squares, and as what is here ſaid of the out- 


ward Line, is to be alſo.underſtood of the inward ; therefore, when you have 


found all the preceeding points through which the Curves are to paſs, apply unto 
them a thin pliable Ruler, or with a free Hand trace their Curves as required. 
Tais Ornament is called a Volute, from the Latin, Foluta à wolvende, as that 
it ſeems to be rolled upon an Axis or Staff; and the Eye is by ſome, from the 
Latin, called Oculus. | 
Pros. IX. Fig. III. Plate XXIX. 


To divide the Height of the Tonic Entablature into its Architrave, Freeze and Cor- 


nice, and them into their reſpectiue Members. 
| Divinz ax, equal to the given Height, into 10 equal parts, give 15 to the 
Height of the Architrave, 3 to the Height of the Freeze, 4 to t 


the Cornice. 
Jo divide the Architralnm. 5 
Divo the lower 1 of the Architrave into 4 parts, give the upper 1 to the 
Bead, and lower 3 to the ſmall Faſcia. Divide the upper 1 into 4 „give the 
upper 1 to the Tenia, the next 2 to the Cima reverſa, and the Remains to the 
great Faſcia; make DH the Projection of the Tenia, equal to the Height of 
the Tenia and Cima reverſa, which divide in 3 parts, and give the firſt 1 to the 
Projection of the Faſcia - J | 
Divips CD, the Height of the Freeze, into 4 equal parts, and on the points 
C and D, with the Radius of 3 parts, make the Section E, on which, with the 
Radius E D, deſcribe the ſwelling Freeze. 5 5 8 
To divide the Cornice. | | 
Tus Height of the Cornice, conſiſting of four parts, divide 4 4, equal to the 
two lower parts, into 3 parts, and the lower and apper 2 thereof each into 
6 parts, as 4m and i4; give the lower 5 of i to the Height of the Cavetto, 
and the upper 1 to the Margin of the Denticule below the Dentules : Give the 
upper 5 parts of In to the Height of the Ovolo, and the lower 1 to its Fillet. 
vide g f, equal to one Quarter part of the Height of the Cornice, into 4 parts, 
ive the lower 3 parts to the Height of the Corona, and the upper 1 to the 
eight of its Cima reverſa. Divide En, equal to the upper 4th part of the Cor- 
nice, into 4 parts, give the upper 1 to the Height of the R , and then 4g, 
equal to the lower 1, being divided in three parts, give the lower 1 to the Fillet 
erg, the two Cima's. And thus are the Heights of all the Members deter- 
mined. | | ny, 
5 To determine their Projectures. i T 

Tur Upright of the Column B C D 19 being before drawn, make B A the 
Projection of the Regula, equal to B C the Height of the Cornice, and from an 
part of C D, as from v, draw a right Line, as vv, equal to BA, which divide 
into 4. 1 * parts; divide cd, Pome, to the 2d part, into 6 parts, and @ 6, equal 
to the iſt part of » ww and the 1ſt part of cd, into 5 parts; then half the iſt 
part of ab terminates the Projection of the Foot of the Cavetto, the 3d part of 
the Denticule, and of the next of its Fillet. Half the 2d part of c d terminates 
the Projection of the Ovolo, and the 3d part of w wv the Projection of the Co- 
. rona: Divide , equal to the 4th part of w «v, into 4 parts, the firſt 1 termi- 
nates the Projection of the Fillet between the two Cima's. Ms 

Do divide the Dentules. 

Divivs xy into 10 parts, and y& into 3 parts, give 2 parts to the Breadth 
of each Dentule. and 1 part to each Interval between them. And thus are all 
the Parts of the Order proportioned as required. | 

| | Prom. X. Plate XXX. ani XXXI. | | 
Jo determine-the Intercalumnations of the lonic Order. 1 
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ARCHITECTURE. nz; 


| Tr is to be obſerved, That altho' Dentules properly belong to the Jnic Order, 


yet Palladio, and ſome other Maſters, exclude them, and introduce Modilions 
in their Stead; and therefore, as the Intercolumnations of the Doric Order is 
determined by the Number of Triglyphs, ſo here in this Order, the Intercolum- 
2 by the Number of Modilions, or Dentules, that are re- 
Firſt, To determine Intercolumnations when Modilions are employed. © 
Tus Diſtance between the central Lines of Modilions is either 30 or 32 Min, 
Paladio makes them 32 Minutes, and the Breadth of each\Modilion 10 Minutes, 
When the Diſtance and Number of Modilions is reſolved on, the Intercolumna- 
tions are eaſily found by this Ru LE, wiz. As many Modilions as are required 
between the central Lines of any Columns, add ſo many Times 3o or 32 minutes 
together, and their total Sum 1s the Intercolumnation, or Diſtance at which the 
central Lines of the Columns are to be placed: Therefore taking 30 or 33 mi- 
nutes in your Compaſſes, ſet that Diſtance from one central Line towards the o- 
ther, as many Times as there are Modilions required; and if every 30 or 32 mi- 
nutes be confidered as one part, and as the Breadth of a Modillion is 10 mi- 
nutes, therefore ſetting 5 minutes on both Sides of every part ſo ſet off, they 
will determine the of every Modilion in their reſpective Places. When 
the Diſtance of Modilions is fixed at 32 minutes, to have 3 Modilions between 
thoſe over the central Lines of each Column, the Diſtance between the central 
Lines, muſt be 128 minutes, equal to 4 times 32, or 2 Diameters 8 minutes; 
If 5 Modilions, then 192 minuteg, equal to 6 times 32, or 3 Diameters 12 mi- 
nutes ; If 7 Modilions, then 256 minutes, equal to 8 times 32, or 4 Diameters 
and 16 minutes; If 9 Modilions, then 320 minutes, equal to 10 Times 32, or 
Diameters and 20 minutes, Cc. 33 
Is Fig. I. II. and V. Plate XXX. are three Examples, wherein Fig. I. con- 
tains 13 parts or Modilions, and Fig. II. and V. 14 each, whoſe Modilions are 
at 30 minutes Diſtance, as is ſeen by the Number of Diameters contained in their 


reſpective Intercolum nations. 


N Plate XXXI. Fig. I. exhibites the Intercolumnation for a Colonade, whoſe 
Columns are at 3 Diameters 44 minutes Diſtance, not 45 minutes, as inſerted in 
the Plate by Miſtake of the Engraver, and have 7 Modilions between the central 
Lines of every two Columns each, at 42 minutes Diſtance between their central 
Lines. The Portico, Fig. II. and the Arcades, Fig. III. and IV. have their In- 
tercolumnations proportion'd, ſo as to have the Diltances of the central Lines of 
their Modilions each 30 Minutes. | 
Secondly, To proportion Intercolumndtions <vben Dentales are employed. Fig. III. 

| 1 PlwvK⸗Kate XXIX. | ; 
As xyis equal to 25 Minutes, and being divided into 10 parts, as aforeſaid, 
o of which 1s the Breadth of a Dentule, and 1 of an Interval ; 'tis therefore 
evident, that each part is equal to two minutes and a half: And therefore to 
make the Diviſion of Dentules eaſy, the Diſtance between the central Lines of 
Columns, muſt always contain ſome Number of parts, each of 5 minutes, as 
the Occaſion may require; as one Diameter and 4, wherein there are 18 ſuch 
parts; or 4 Diameters, wherein there are 48 ſuch parts; and 5 Diameters,60 ſuch 
darts; as in the ſeveral Intercolumnations of the Portico, Fig. II. Plate XXXI. 
ow, if each of theſe parts be divided into 2 parts, then each part will be e- 
qual to 2 Minutes and a half, and then giving 2 of thoſe parts to the Breadth of 
2 will * as required 
Note, The raking Dentules, in all Kinds of Pediments, mu ſtand exactly o- 
ver thoſe in the level Cornice, in the very ſame manner as the Mutules in the 
Doric Order. The like is alſo to be obſer ved of Modilions; and as Modilions 


are always capp'd with a Cima reverſa, or ſome other 1 whoſe Curva- 


tures, or Moulds, on the upper and lower Sides are both different from thoſe 
of the Front raking Moulding ; I muſt, before I proceed any further, ſhew how 


to deſcribe thoſe returned Mouldings to the Caps of raking Modilions. 
| | R 2 PRO. 
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Side of the Modilion, as required. | r 
Note. The ſame Method of working will find the Curvatures of all other kinds 
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Jo deſeribe the returned Mouldings of the Caps of raking Medilions in Pedinients. 


— 


iſt, Sorrosz the Ovolo C. Eig. III. to be the raking Moulding in Front, 


with which a raking Modilion is to be capped ; draw the chord Line à c, and di- 
vide it into any Number of equal parts, ſuppoſe 8, as at the Points 2, 44 6. B. 


10, Sc. and from them draw the Ordinates 1,23 3, 43 5, 64 Cc. 2dly, ſup- 
po the Lines þ b, and i c, to be the bounds of the Front Raking Ovolo, and let 
Line y i, repreſent the upper Side of a Raking Modilion, and ./, its lower 


Side. From the point y draw the Herizontal Line 2%, and from the Point 5, 


the Line p, make »p and »y, each equal to 4 &, the Projection of the Front 


Ovolo, and through the points » and p, draw the Perpendicular Lines 5 and 


ep /, cutting the u Line 4b, in 5, and e, draw the two chord Lines + i, and 
Fe, and divide 4 _ 


e returned Mouldings on. the upper and lower 


* 


of returned Motdings, as for example, when the front Moulding is a Cavettto, 


as C, Fig. IT. then A and B, are the upper and lower Mould, or when 4 Cima 
reverſa, as C, Fig. I. where A is the upper, and B the lower, as in the two 


Paostum KN. „„ 


other Examples. 
To proportion Ionick Frontiſpieces, Colonades, Portics's and Arcades. 


As by the practice of the two preceeding Orders, it is very reaſonable to be- 


lieve that my Reader is now capable of inſpecting into this, and the two ſucceed- 


ing Orders, that is, to readily underſtand, what is meant by the Meaſures affix'd 


= eqch part with reſpe&t to the Intercolumnations, number of Modilions, . 

breadth © 

Impoſt, Fig. VI. Plate XXX and then recommend him to the ſeveral Figures in 

Plate XXX, and XXXI. for his further Practice. X 1 i 
To proportion the Jonick Impoſi by equal Parts. 


8 ak, its. given Height into 3 equal parts, the lower 1 is the Height | 


of the Neck. The lower half of the middle part divided in 4, 1 1 is 


| | the u | 
the Height of the Fillet, and the lower 3, of the Cavetto ; the * f is the 
eight 


Height of the Ovolo, as is the lower half of the upper 1, the of the 
Faſcia. Divide the upper half into 3 parts ; give the upper 1, to the Regula 


or upper Fillet ; andihe lower 2, to the Cima reverſa. 


To determine their Projectiunt. PET 

LET 2, repreſent the Breadth of the Pilatter, and bp, the upright thereof, 
divide op, equal to the Breadth of the Pilaſter into 3 parts at 2 and v, make pr, 
ual to p v, divide pr, in 3 puts at x and , and make 9, equal to r. 


Ihen p xx, determines the e of the Cavetto, half sr, the Ovolo; pr, 


the Faſcia; and pg, the Regula. The Aſtragal is determined in its Height and 


Projection, as that of the Dorick. 


Tus Height of the Impoſt in Fig. IT. Plate XXX. is 2 thirds of the Height 
of the Column and Sub-Bate, but in Fig. V. tis at 3 Times the Beight of the 
whole Pedeſtal, and the Key-ſtones, in both e are one 15th part of the 
Semi-circle. The length of Key-ſtones are generally made equal to 1 Diameter, 
and their depth below the Architrave is always at pleaſure * moſt generally 
about * or + of their Breadth, at the lower part of the Architrave. In Plate 
XXXI. Figures A BCD, are two varieties of Conſoles or Key-ſtones, in Front. 


and Prof le, which may be uſed in the Ionick, Corinthian, or Compoſite Arches 


at diſcretion. 8 „ 
Nete he ITonick Impeſt by Axprea PaLLapio is exhibited by Fig. D. 
Plate XLII. SY | » 
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into the ſame Number of equal parts, as the chord Line ac, 

and from thoſe parts, draw Ordinates equal to the Ordinates in C. Through 

the points 1, 3, 5. 7, &c. in Fig: A and B, trace the Curves 57 i, and ye, 
red 


Pilaſters, Height of Impoſts, &c. I ſhall therefore only explain the 
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/ X Sa 95-649. SS 5 Pros. XIII. 98 i 
T projertion the Doric and Tonic Cornices, t0.the Height of any Ream, Ce. 
Fier, the Doric Cornice. Divide the given Height into 50 equal parts, 
and give 3 of thoſe parts to the Height of the Cornice, which is conſidered as 
5 Order. But being conſidered as a Cornice to an Enta- 
blature on a Column, without a Pedeſtal, then divide the Height into 40 equal 
„and give 3 to the Height of the Cornice. Secondly, the lone Cornice. 
Fed the Bright of a Cornice to an entire Order. Divide the Height of the 


Room into 75 parts, and give the upper 4. to the Height of the Cornice re- 


ired. To VI the Height of the Cornice of an Entablature on a Column only. 
vide the * K the Room into 60 parts, and give the upper 4 to the 


Height of the 1 Sc | 
x; | Examples for Prafite in the nick Order. 3 
I. The Height of the Jonick Arcbitrawe being given, to find the Height of the 


Freeze and of the ice. RuLE; Make the, _ of the Freeze equal to the 


Height of the Architrave, divide the Height of the Architrave into 3 equal 
parts, and make the Height of the Cornice equal to 4 of thoſe parts. 
II. The Height of the Jonick Cornice being given, to find the Height of the Archi- 
trade and of the Freeze. Rule, divide the Height of the Cornice into 4 equal 
parts, _ make the Heights of the Architrave and of the Freeze, each equal to 

of thoſe parts. » | „ | 
5 III. The Height of the Tonick Cornice Zei given, to find the Diameter of the 
Column. Ru Lx, As 36 is to 50, ſo is the Height of the given Cornice, to the 
Diameter required. T4 | 


IV.. The Diameter of the Donick Column bei given, to find the Height of the 
Jonick Cornice. Ru E. As 50 is to 36, ſo is the given Diameter, to the Height 


of the Cornice require. +? 

V. The Height of the Þnick Architrave being given, to find the Diameter of the 
Column. Rule, As 27 is to 50, ſo is the Height of the given Architrave, un- 
to the Diameter required. | 
VI. The Height of the Jonick Entablatare being given, to find the Diameter of the 
Column. RuLls, Asgis to 5, ſo is the Height of the given Entablature to the 
Diameter required. | | 

VII. The Height of the: Jonick Entablature being given, to find the Height of the 
Capital of 20 Minutes in Height, according to AnDREA PALLAaDIO. RULE, As 
27 is to 5, ſo is the given Height of an Entablature, to the Height of the Capi- 

tal required, and which being doubled is the Height of the Capital of 20 Minutes, 
as given in Fig. II. Plate XXVIII. | | 
III. The Height of the Ionic Entablature and Capital according toPALLapio 
being given, to, find the Diameter. Ru Lx, As 37 is to 15, fo is the given Height 
of the Capital and Entablature to the Diameter required. | | 


LECT. VIII. 


Of proportioning the particular parts of the Corinthian Order, by Modules and NM 
nutes, accordirg to ANDREA PALLADIO, and by equal parts, compoſed from 
. the Maſters of all Nations. | 


LIGURE I. Plate XXXIT, exhibits the Proportions and Meaſures of all 
the principal parts of this Order, by Andrea Palladio; and Fig. III. the 
particular parts of the Pedeftal. Fig. I and II, Plate XXXIII. exhibits the 
pre parts of the Baſe to the Column, with its Capital and Entablature, which 

ing in general determined by Modules and Minutes, nothing more, with re- 
ſpect to the Formation of their parts, need be ſaid, and therefore I ſhall proceed 
to the diviſion of this Order, by equal parts. 

| Pros. I. Fig. II. Plate XXXII. 
To proportion the principal parts of the. Corinthian Order, unto any given 
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e Read 


' Drvtvx 4 , equal to b x the given Height, into 5 equal parts; the lower | 


. x is the Height of the Pedeſtal. Divide c, equal to br the ung part, 
into 6 equal =» the 2 1 is the Height of the Ritahlatare,. the Lot 
| parts is the Height of the Column, and which being divided into 10 equ 
, take 1 for the Diameter of the Column, which divide into 60 Minutes, 

Ly Für, into 6 equal parts, which will each contain 10 Minutes, and then 

the firſt one of them into 1 13 8 

1 Pros. IT. Fig. IV. Plate XXXII. | | 
To divide the Height of the Corinthian Pedeftal, into its Baſe, Die, and Cornice, 
| .O and them into their reſpectiue meaſures. 5 


To proportion and divide the Baſe, draw m 4, the baſe Line, and 4c, the 


central Line. Divips Ff#, equal to e # the given Height, into 4 equal parts. 


Divide de, equal to the ſecond part, into 3 parts ; and cx, equal to the 
lower 1 part, into 4 E and make 5 a, x 5, and x av, each equal to 1 of 
thoſe parts. Divide 5@ in 3 parts, then the upper 2, is the Height of the 
Cavetto F. and the lower 1 of its Fillet. The two middle parts of c x, is the 
Height of the inverted Cima recta G. Divide a0 5, into 5 equal parts; gi 

the upper 1 to the Fillet of the Cima, and the lower 4 to the Torus H. The 
remains 7&, is the Height of the Plinth. To proportion and divide the Cornice. 
Make 5 g, equal to one $th part of FK. the whole Height of the Pedeſtal 
for the Height of the Cornice, which divide into 6 equal parts. Divide rg, 
equal to the lower 1 of 5, into 3 parts; give the lower 2 to the Cavetto, 
and the upper 1 to its Fillet. Divide of, equal to the third divided part of 
hg, into 3 parts; give the upper 1 to the Fillet, and the other 2, with the 
ſecond part of 5 g, is the Height of the Cima rea. Divide 4 , equal to the 
2 upper parts of hy, into 6 equal parts, and give the ſecond part below, 
to the Height of the Fillet on the Faſcia B. Divide the 2 upper parts of 
I mr, into 3 equal parts, as at ; give the upper 2 to the Regula, and the 
remains is the Height of A, the Cima reverſa. To determine the ProjeFures of the 
Mouldings. Draw the Line 6 1, parallel to c 4, at the diſtance of 42 Minutes 
of the Diamone before found. Make g 4, equal to gf, and through the Point 


h, draw the Line à m, parallel to 5 I, which will determine the Projections of 


the Plinth I, and Cornice at a. From any Point in 4%, the upright of the 
Dado or Die, draw a horizontal Line, as rs, which divide in 4 equal parts; 
then the firſt 1 terminates the Fillet on the Torus and Faſcia in the Cor- 
nice; the third part the two Cavetto's in the Baſe and Cornice, and one third 
of the laſt part, the Feet of the Cavetto's, 35 0 

Pao. IH. . l. 
To divide the Height of the CO Pew into its Baſe, Shaft, and 
3 | apital. | . 

Tun Diameter being found as before-taught, let gr, be the given Height. 
Make gr, the Height of the Baſe, equal to half the Diameter; alſo g , equal 
to 70 Minutes, for the Height of the Capital; then /q the remains, is the 
Height of the Shaft, which is diminiſhed one 6th ou " of 5 

| Pros. IV. Fig. IV. Plate XXXIII | 

| To divide the Baſe of the Corinthian Column, into its reſpectiue Members. 

\ Draw 4 m for the baſe Line, and f & for the central Line. Divide à B, 
equal to the given Height, into 3 equal parts, the lower 1 is the Height of 
the Plinth. Divide 5, equal to the 2 upper parts of à b, into 4 parts, the 
upper 1 is the Height of the upper Torus. Divide /, equal to the 3 lower 
parts of bg, into 2 parts, the lower 1 is the Height the lower Torus.* Di- 
vide de, equal to the _— r of c f, into 6 equal parts, the upper and lower 
parts, is the Height of the two Fillets, and the middle 4 parts of the Sco- 


tia. Draw the Line r /, parallel to 74, at 30 Minutes diſtance, for the Up- 
right of the Column, make / , equal to 12 Minutes, and / equal to two 
third parts of I; then the Line pn, terminates the Projection of the Fillet 
o, and the upper Torus p. Jaſtly, the Projection of the Cincture 5, and Fillet 

| | 7. 
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the central Line. This Baſe is that which is 


53 pages determines the Projection of the 
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. are exch equal te de ProjeXtion of the Center of the upper Toru, which 
TESTS 1 


etting half the Height of the upper Torus from p, towards 

i calle the Attic Baſe. f 

| Pros. V. Plate XXXV, | 

To divide the Height of the Corinthian Capital, into its reſpeFive Members. 
LeT ABI be the central Line, and AB the given Height. Thre“ the 


Points A and B, draw the Line à A x, and 5 By, at right Angles to A B. At 


any diſtance below the Point B, draw the Line OPQR, parallel to b By. 
On any fide of the central Line A B, draw the Line x, parallel to AB, at 
ſuch a diſtance, as to be clear of the Projection of the Abacus. Divide xy, 


into ual parts, as at the Points 1 2 3 4 5 6, then each part will be equal to 
10 M ſe the whole Height 55 * Þ 


| the Capital is 70 Minutes. Divide 
the ſecond, fourth, fifth, and ſixth , each into 2 equal parts, at the Points 
Z dc and b, and from the Points Xd W cV &T. draw right Lines paral- 
leltobBy, as qZ, pY, 0X, #4, mW, Ic, kV, ib, ha, and g T, which 
determines the Heip of the Leaves, Stalks, Helices, and Volutes. Divide 


the 15 in 2, as on the left hand ſide, the lower 1 is the Height of the 
lower 


cia of the Abacus; and the upper 1, divided in 6 equal 2 the 
a 


1 is the Height of the Fillet, and the upper 5 of the Ovolo. ke po, 


* the Height of the Aftragal, equal to 5 Minutes, which divide in 3 parts ; 
eight 


give the upper 2, to the Height of the Aſtragal, and the lower 1 to the 
of the Fillet ; and thus are the Heights of all the Members determined. 70 


determine their Projecturet. Make 25 P, and 25 Q, on the Line O R, each e- 


ual to 25 Minutes, which is equal to 2 parts and half of xy; alſo make 
OP and G each equal to two 3 of x y or 20 Minutes. Thro' the Points 
OP QR, draw the Lines O a, Pg, Qs, and R; then O2, and Re, 


will determine the Projections of the two ſides of the Abacus, and the Lines 
P g. and Qs, will be the two upright Lines of the Shaft of the Column. Di- 
vide O 10, on the left hand fide, into 8 4 — parts; then O ao, the firſt three 
illet in the Abacus at ; O x, the 
5 parts, the Projection of the Faſcia at 7, and Ovolo at 4. O y, the firſt 
6 parts, the Projection of the Fillet at 5s, and O x, the firſt 7 parts, the Pro- 
jection of the Faſcia at v. Make the Projections on the right hand, equal to 
thoſe on the left, and then the Abacus will be completed. . | 
Maxx g, the Projection of the Aſtragal, equal to po; and 5 7, the Fillet, 
unto 2 thirds thereof. Divide p t, in 3 parts, and make p v equal to 4 of 
thoſe parts. Draw wv x parallel to pz. Draw 7 v, which biſe& in av, where- 
on raiſe the Perpendicular «v x, cutting v x in x, whereon, with the Radius 
x v, deſcribe the Arch v. Make + An, on the left fide, equal to gf v, 
on the right, and then the Aſtragal will be completed. | 
On the Point B, with tne Radius Bo, deſcribe the Semicircle NG HI K 


L Mo, which divide into 8 equal parts, at the Points NGHIK LM, and 
from them draw the' Lines NA, GC, HD, IB, KE, LF, parallel to the 


central Line A B, which continue upwards at pleaſure, which are the central 
Lines of the ſeveral Leaves. Draw the Lines ah, and x 9, which determines 
the Projecture of the two out-Leaves in the ſecond Range. Divide the diſtare: 
12, 13, into 4 parts, and from the third part, at the Point 14, draw the Line 
249, Which determines the Projecture of the Out-leaf in the lower Range, at 
the Point 15. This being done, proceed to delineate by hand the ſeveral 
Leaves, Stalk and Helice, on the right-hand fide, and when the ſame is done, 
transfer every particular part thereof, unto the left ſide, by taking their ſeve- 
ral horizontal diſtances, , from the central Line, and ſet them from the central 
Line on the left-hand fide; or otherwiſe, draw parallel Ordinates thro' on 
both fides, and make thoſe on the left hand, equal to thoſe on the right. 
By either of theſe Methods, you may make the two ſides of the Capital ex- 
actly the ſame. | 

Nate, It will be beſt, for firſt to deſcribe the Leaves in Groſs, as is done 
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Height of the Cima revetſa, 
Denticule, againſt which the Dentules are placed, whoſe depth are 5 parts 
only; the next half part to the Fillet on the Dentules; the next 1 part to 
the Aſtragal, and the upper 4 parts to the Ovolo. Divide /p, equal to the 3 
remaining parts of 4 g, into 3 parts; the lower 1 divided in 4, the lower 3 
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I Of AR CHETE "tk 
on the right-hand fide, wherein you muſt be very perfect in their Out-lines, 
eg 50 proceed to divide them into their Palms and Raffles; and for the 
eaſy dividing of Leaves into their Palms and Raffles, I have given 7 Exam- 
ples of Leaves for Practice, in Plate XX XIV, of which the large Leaf D, is 
in a manner geometrically deſcribed, and Whoſe Height is to its Breadth, as 7 
is to 6, as may be ſeen by the equal — its Seft- fide, and at its Bottom 
hi parts being ſabdivided as in the Figure is expreſſed, the Points of the 
parts in every Palm, are __ determined. Mete, a Palm conſiſts of 5 

oints, as 74 5 D, or mnt'A F, or wxC GH. Mete alſo, that when the 

ner has formed two or three Leaves in large thus divided, he may then 
proceed to make others of leſs Magnitude, by Hand, and omit all the atoreſaid 
Pat ons by Lines, as RW XV, which are alt Leaves in Front, ſerving as 
well for Pilaſters as the Front Leaves of Columns. Fig. 8, is a Leaf in 
'Profile, and T in an oblique View, ſuch as thoſe that are between the mid- 
Me or Front Leaf, and outer or profile Leaf of a Column. The Figures M 
and Q, are two Examples of Ställe or Stems. for Practice, of which -Q is 
A W only with its Leaves, and M is complete with it Volute and Helice. 
Fig. P. is the ancient Ornament with Which the Abacus is uſually. charged 


* 
F 


> 


Luer of which 1 have placed a Liou's Mask, > an Emblem of: Majeſty, Pow 
er, ' 3 3 hne eee „„ 4 T ab. 


22 K 1844 22.4 
+ Pros. VI. Fig. GC PDE, Plate XXIII. 5 
Jo divide the Height of the Corinthian Entablature, into its Architrave, Freeze, 
8% Cornmice, and them into their reſpectius Members. 
equal to the pom Height, into 10 equal parts; give the low- 
chitrave, the next 3 to the Height of the Freeze, 


Diyips 
er 3 to the Height of the Ar e 
and 'the upper 4 to the Height of the Cornice- Divide - &, equal to the 
Height of the Freeze into 5 parts, the lower 1 is the Height of the firſt Faſcia, 

with its Bead, which is 1 fourth part thereof, the ſecond part is the Height of 
the ſecond Faſcia. The third part, equal to %, divided in 3 parts, the lower 

1 is the Cima reverſa between the ſecond and third Faſcia's. The fourth part, 
equal to 4 divided in 4 parts, the upper 1 is the Bead over the third Faſ- 
cCia, and the 3 lower parts, with the two remaing parts of % is the Height of 
the third Faſcia The upper, or 5th part 1 to à 6, divided in 3 parts, 

the upper 1 is the Regula of the Tenia, and the lower 2 of its Cima reverſa. 
To determine the Preſectures of theſe Members, in the Architrave. Make w x, 
equal 10 4 y, which divide in 5 parts, give 1 part to the Projection of the ſe- 
_ cond. Faſcia, and 2 to the third Faſtia, To divide the Cornice. Divide & g, 
qual to its Height, in 5 equal parts, and 7 m, equal to the third part, into 

8 ore, Male y equal rhe two lower parts of 4 g, and the lower 1 part 
of in, which divide into 4 equal parts; give the lower 4 parts, to the 

the next 5 parts and half, to the Height of the 


o 


3 
* 


Parts thereof is the Height of the Faſcia, againſt which the Modilions are 


Placed, and the upper 1 of the Cima reverſa, with its Fillet, with which 


| the Modillions are capped. Divide no in 2, the lower 1 is the Margin below 


the Modilions. Divide sr in 3 parts, the upper 1 part is the Height of the 


' Filler, and the lower 2 parts of the Cima reverſa. Divide æ 2, equal to the 
middle part of /, into 4 parts; give the upper 1 to the Height of the Cima 
reverſa 44 d, and the lower 3 to the Height of the Corona. Divide the upper 


part of /p, into 4 equal parts, and the lower 1 part thereof, into 3 equal 


5 parts; give the lower 1 part to the Fillet, and then the 4th part of the upper 
3d part of /p, * ee to the Regula, the remains will be the Height of 
0 


PP 
the Cima rea. etermine the Projeftions of theſe Members. Make 6, the 


Projection of the Cornice, before the ufrizht of the Freeze and Poo, 
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equal to 4g, its entire Height. From any part of the Freeze, as A, draw a 
horizontal Line, as A B, which make equal to & g, the Projection of the Cor- 
nice, and draw the Line 6 B. Divide A B, into 4 equal parts. Divide c 4, 
equal to the firſt part, into 6 parts ; then the firſt 2 parts and half, deter- 
mines the Projection of the Denticule; the firſt 4 parts and half, the outer 
Denticule ; the 5th part, the Fillet over the Dentules, and the 5th part and 
half, the Atragal The ſecond part of A B, divided in 5 parts, (which in the 
Plate is omitted by miſtake) the firſt 1 part, determines the Projection of the 
Ovolo, and one third of the next part, the Projection of the out-fide of the 
outer Modilion. The third part of A B, determines the Projection of the Mo- 
dilion in Profile, at i. Divide ef, equal to the laſt part of A B, into 5 equal 
arts, and g , equal to the 2d and zd parts of ef, into 3 equal parts; then 
the 1ſt one, determines the Projection of the Corona at c, and the 24 part the 
Fillet of the Cima reverſa : And thus are the Heights and Projections of the ſeve- 
ral Members of this Order determin'd. The next Work, in order to complete 
this Cornice, is to divide out the Dentules and Modilions, and to deſcribe the 
Modilion in Front and Profile. 5 | | 
| PRO B. VII. Fig. G C. Plate XXXIII. 

f | To divide the Dentules in the Corinthian Cornice. | 
Divo the Diſtance between the central Line and the Upright of the Freeze 
into 12 equal parts, give 2 parts to the Breadth of a Dentule, and 1 part to an 


Interval. 
| Px oB. VIII. Fig. GC. Plate XXXIII. 
To divide the Diſtances of Corinthian Modilions. 2 
Ir is generally agreed on by the belt Maſters, to place the central Lines of 
Modilions at 35 minutes Diſtance, and to make the ee of each equal to 10 
minutes, whereby their Intervals or Diſtances between, are each 25 minutes, and 
the Length or Projection of a Modilion is 20 minutes, equal to double its Front 
or Breadth Now as over the central Line of every Column there muſt be a Mo- 
dilion, therefore the Intercolumnation of this Order muſt be conformable to the 
Number of Modilions that are to be between every two Columns ; and to divide 
the Diſtances of Modilions, is no more than to take 35 minutes in your Com paſſes, 
and to ſet off that Diſtance from the central Line of your Column, as often as 
the Number gf Modilions are required. | | 
PR O B. IX. Fig. III, IV and V. Plate XIV. 
To deſcribe the Front, Profile and Plan, or Plancere of the Corinthian Madilion. 
I. To deſcribe a Corinthian Modilion in Front. 
Le r the geometrical Square a bhi, Fig. III. be the Out lines of a Corinthian 
Modilion, with its Cima reverſa and Fillet, whoſe Breadth 5, and Depth y: 
are given. Biſect h i in d, and draw the 5 ed, Divide hi in 8 equal 
parts, and make the Fillets i and 7 i each 1 part. Biſect yz in /, and draw 
& | parallel to i. Draw the Lines g and wo parallel to £4, each at the Di- 
ſtance of half the Breadth of the Fillet Yi, and divide the Diſtance between them 
into 8 equal parts, as at 4, and make the ſmall Fillets next within the Lines 9 » 
and vo, each 1 of the 8 parts. Draw the Lines zo and gw parallel to 4 /, and 
each at the Diſtance of x. Take the Diſtance to either of the Fillets, and cn | 
the Points x and z deſcribe the two Semicircles of the Bead. Draw the Lines 29. 
4 ww, alſo » and op. Biſect 79 in /, divide /q in 8 parts; on / and g, with a 
Radius equal to 5 parts, make the Section , on which deſcribe the Arch /g. 
In the ſame manner deſcribe the Arch % alſo the compound Arches www, # #8 
and op; which completes the Modilion in Front as required. 
: IT. To deſcribe a Corinthian Modilion in Profile, Fig. V. 

Drvipe the Length f in 3 equal parts, and the iſt one part into 7 parts; 
make I the Height, equal to 8 of thoſe parts, and complete the Parallelogram 
Inf. From p, at 4 parts and : Diſtance from zz, draw the Line p 9, parallel 
to m. At 4 parts from , draw the Line &i parallel to /m, Whoſe Interſection 
is the Center of the Eye of the greater _— and whole Diameter is equal to = 

| ä 5t 
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gth Diviſion of In. Fig. D. is the Eye of this Volute or Scroll at large, where- 
in the geometrical Square being inſcribed, and each Semidiameter divided into 
2 8, as at the Points 7, 6, 8, 8 then the Points 1, 4, 3, 2, 5, 8, 7. 
6, as they ſtand in the Figere, are the Centers on which deſcribe the Scroll, be- 
ginning at the Point i. Divide be, equal to 4 parts of /m, in 8 I 

and draw the Line 4e for the Depth of the ſmall Scroll. Make þb a eq to 7 
parts of bc, and at 4 parts from 6, draw the Line 4 4 B, parallel to 5 At 
parts and from ö, draw the Line / r, parallel to a 6, which will interſect the 

Ene 4 in the Center of the Eye of the ſmall Scroll, whoſe Diameter is equal 
to the gth Diviſion in bc. | Tp | 

Inscx1BE a Square within the Eye, and divide its Semidiameters as before, 
as in Fig. D, and then the Points 3, 2, 1, 4, 7, 6, 14, as they ſtand in Fig. 

D. are the Centers, whereon deſcribe the ſmall Scroll, beginning at the point 
„0. Draw the Line op, which biſect in L; alſo biſetiLing, and Ly in e. E- 
rect the Perpendiculars g A and e B, cutting the Lines 4 i in A and od in B. On 
the Points A and B, with the Radius A 7, deſcribe the Arches i L and Lp, alſo 
the inward Arches which limit the Breadth of the Liſt. | 3 | 

III. To deſoribe the Plan or Plancere of the Corinthian Modilion, Fig. IV. 
| MaxE „ Sr equal to bf in Fig. III. alſo make Bc and C each 
ual to /b in Fig. V. and complete the Parallelogram Bc C/. Draw od and 

Þ lel to Cf, each at the Diſtance of hi in Fig. III. Draw the Lines an6, 
and gh, at the ſame 1 diſtances from Be and CF, as are reſpectively e- 

ual to the Projections of the Cima reverſa in Fig. III. before bi the Upright of 
Ne Modilion, which continue about at the End, and return from B and C. The 
Beads, with its Fillets , and the Cima's 4qr and z &, &c. are deſcrib'd exact- 
ly the ſame as gp, in Fig. III, | PE ok 

Note. The manner of dividing the Plancere of the Jonich, Corinthian and 
Compoſite Cornices, and to make their Returns at external and internal Angles, 
is exhibited by Fig. VII. Plate XLIV. wherein BB repreſent the Plan of the 
two Modilions next to an internal Angle, and E E of two Modilions next an ex- 
ternal Angle, as alſo are H H. The geometrical Squares ACAAFG are hollow 
Pannels, called Coffers, which are to be enriched with Roſes, as thoſe of Fig. 

ABCDE, Plate X XXVIII. 1 | 5 8 b 
; Pros. X. | 


To gropertion the Corinthian Cornice to the Height of any Room required. 
Tuis admits of two Varieties, viz. Firft, To conſider the Cornice as the Cor- 
nice to an entire Order; and, /aftly, as the Cornice of an Entablature on a Co- 


lumn only. | : 
| To find the Height of a Cornice to an entire Order. : 
Divips the Height of the Room into 75 parts, and give the upper 4 to the 
Height of the Cornice. „ 
To find the _— of the Cornice of an Entablature on a Column only. 
D1vive the Height of the Room into 60 parts, and give the upper 4 to the 
Height of the Cornice. | | 


| © SW | 
To proportion Frontiſpieces, Colonades, Portico's, Arcades, &c. of the Corin- 
h thian Order. | 
As the Intercolumnations of this Order are regulated by the Number of Mo- 
dilions, whoſe diſtances between their central Lines are 35 minutes, as before ob- 
| ſerved, therefore to make Frontiſpieces, Colonades, &c. the diſtances of the cen- 
tral Lines muſt conſiſt of as many Times 35 minutes as the Nature of the 
Caſe requires. Fig. I. II. and III. Plate XXXVI. are Examples hereof, where 
the Columns in Fig. I. have 13 Modilions between, Fig. II. 12 Modilions. Fig. 
III. 14 Modilions. In Plate XXXVII. Fig. I. conſiſts of 13 Modilions, and 
Fig. A of 12, between the two middle Columns, as before in Fig. I. and 11. 
Plate XXX VI. But as here in Fig. A, there are Colums in Pairs on each Side, 
their diſtances have but 3 Modilions between their central Lines, accounting the 
| ; . | two 


- 
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two half Modilions on the Sides of the two central Lines as one Modilion. - In 
Plate XXXVIII. the Colonade, Fig I. contains 6 Modilions between every two 
Columns, the ſingle Arcades 11 Modilions, the Arcades of Columns in Pairs 3, 
and 11 Modilions, and the Portico, Fig. II. contains three Modilions between 
| oy _ Lines à and b, 6 Modilions between 6 and c, and 8 Modilions between 
c | | | 
Now from the preceeding 'tis evident, that the Intercolumnations of this Or- 
der muſt be as following, viz. If it have two Modilions between thoſe over the 
two Columns, the Intercolumnation muſt be 1 diameter 45 minutes ; if 3 Modi- - 
lions, then the Intercolumnation muſt be 2 diameters 30 minutes; if 4 Modilions, 
then 2 diameters 55 minutes; if 5 Modilicns, then 3 diameters 40 min. if 6 
Modilions, then 4 diameters 5 minutes; if 7 Modilions, then 4 diameters 40 
minutes; if 8 Modilions, then 5 diameters 15 minutes; if 9 Modilions, then 5 
diameters and 50 minutes; if 10 Modilions, then 6 diameters 25 minutes; if 11 
. Modilions, then 7 diameters ; and if 12 Modilions, then 7 diameters 35 minutes: 
And ſo, by the continual adding of 35 minutes, the Intercolumnation for any 
15 —— Number of Modilions may be found. Mete, The Intercolumnations for 
-olumns, which have 3, 5, 7, 9, 11 and 13 Modilions between them, as publi- 
ſhed in Palladis Londinenfis, by Mr. Salmon of Colchefter, and reviſed by Mr. Ed- 
ard Hoppus Surveyor of the London Inſurance-Office, are N falſe, and ſeem, 
as that neither of them knew what they were doing; for by the preceeding 
'tis plain, that the Intercolumnation for Columns that have 3 Modilions between 
them, is 2 diameters 40 minutes, not 2 diameters 30 minutes; and for Columns 
that have 5 Modilions between them, is three diameters 30 minutes, not 3 diame- 
ters 45 minutes, as they have falſly publiſhed in p. 87, Cc. | 
Tus Height of Impoſts in this Order, are two Thirds of the Height from the 
Baſe Line unto the under part of the Architrave, as in the preceeding Orders, 
and the Breadth of the Key-ſtone is one 15th part of the Semicircular Archi- 
trave; and as Key-ſtones to this Order admit of Embelliſhments : I have therefore 
in Figures a bc def g bil, given proper Examples thereof. | 
The Impoſt to this Order by Andrea Palladio, is exhibited by Fig. F. Plate | 
XLII. and that by equal parts, by Fig. V. Plate XLIII. which is thus proportioned. 
| To proportion the Corinthian Impoſt dy equal parts. N ; 
Divrps ah the given Height, into 3 parts ; the lower one is the Height of the 
Neck or Freeze of the Impoſt. Divide the middle part in 3 parts, and the lower 
'1 in 3, give the lower 2 to the Cavetto, and the upper 1 to the F illet. Divide 
the upper 1 into 3 parts, and give the upper 1 to the Fillet on the Cima recta, 
and he Remains to the Height of the Cima recta. Divide a 4, the upper third 
rt of ah, into 2 parts, and the upper 1 into 3 parts, give the lower ® to the 
ei — of the Cima reverſa, and the upper 1 to the Height of the Regula or up- 
per Fillet. : ED | 
To determine the Projefions of theſe Members. 
Draw be parallel to ah, at a diſtance equal to the Breadth of the Pilaſter. 
Divide de, equal to the Breadth of the Pilaſter, into 3 equal ts; make eg 
equal to one of thoſe parts, and g equal to 1 Third of eg: Divide eg in 3 parts, 
and the firſt and third parts thereof each in three parts, then the firſt part 
from e, determines the Projection of z the Bottom of the Cavetto, the next 1 the 
Fillet of the Aſtragal c, and the next 1 the Aſtragal at 6, and Fillet on the Ca- 
vetto at . ; 8 
THe 2 part of the third part of eg determines the Projection of the Cima 
— at x, and e $ the Projection of the Faſcia at w: Laſtly, 6c being made e- 
qual to /, completes the whole as required. 
Tue Height of the Aſtragal „ in 3 parts, is equal to half & the 
Height of the Neck. | ED : SI 
az Architrave 4 6 of the Arch is thus divided, viz. de being already divid- 
| ed into 3 parts, divide the outer 1 part into 3 parts; give the iſt part to v2, 


the Breadth of the Regula; the next 1 to the Ovolo with its Fillet, which is e- 
& a | qual 
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. qual. to 5 thereof, and the laſt part to the Cayetto and Bead, which is there- 
of. The middle part of 4e is the Breadth of r þ the great Faſcia; and the outer 
part divided in 6 parts, the firſt 1 part is the Breadth of the Cima reverſa, and 

the other 5 of the ſmall Faſcia. | | 24 

2 Examples for Practice in the Corinthian Order. 

I. The Height of the Corinthian Architrave being given, to find the Height of 
. the Freeze and of the Cornice. Rull, Make the Height of the Freeze equal to 
the Height of the Architrave. Divide the Height of the Architrave into 3 equal 

parts, and make the Height of the Cornice equal to 4 of thoſe parts. | 


II. The Height of the Corinthian Cornice being given, to find the Height of the 


| Freeze and of the Architrave. Ru LE, Divide the Height of the Cornice into 4 


equal parts, and make the Height of the Freeze and of the Architrave, each equal 


to 3 of thoſe parts. ; 

III. The Height of the Corinthian Cornice being given, to find the Diameter of th 
Column. Rule, Divide the Height of the given Cornice into 4 equal parts, 
and make the Diameter equal to 5 of thoſe parts. 


IV. The Diameter of the Corinthian Column being given, to find the Height of the | 


(Corinthian Cibvice. Rur, Divide the Diameter into 5 equal parts, and make 
the Height of the Cornice equal to 4 of thoſe parts. 


V. The Height of the Corinthian Architrave being given, to find the Diameter 7 


Ide Column. RuLE, Divide the Height of the Architrave into 3 equal parts, 
and make the Diameter of the Column equal to 5 of thoſe parts. 
VI. The Height of the Corinthian Entablature being given, to find the Diameter 
of the Column. RuLe, One half part of the Height of the given Entablature 
is equal to the Diameter required. = 
VII. The Height of the Corinthian Entablature being given, to find the Height of 
the Capital. Ru LE, Divide the Height of the Entablature into 12 equal parts, 
and make the Height of the Capital, (exeluſive of the Aſtragal which is a part of 
the Shaft) equal to 7 of thoſe parts. 
VIII. The Height ow Corinthian Capital and Entablature being given, to find 
: the Diameter of the Column. Rule, Divide the whole Height of the Capital 
and Entablature-into 19 equal parts, and make the Diameter of the Column e- 
qual to 6 of thoſe parts. | | : 


oy, HET | LECTURE IX. 
' Of the manner of proportioning the Comprfite Order by Modules and Minutes according 
- AnpREA PALLADIO, and by equal Parts compoſed from the Maſicrs of all 
_— 


E principal parts of this Order, according to Andrea Palladio, are exhi- 
bited by Fig. 1. and the Particular parts of the Pedeſtal by Fig. III. Plate 
XXXIX. the particular parts of the i aſe to the Column and of the Entablature, 
are exhibited by Fig. I and II. Plate XLT. which being in general proportioned 
by Modules and Minutes as the preceeding Orders, nothing more need be ſaid 
thereof; and therefore, I ſhall proceed to the manner of proportioning the parts 
of this Order by equal parts. | | 
| PAO. I. Fig. II. Plate XXXIX. | 
To proportion the principal Parts of the Compoſite Order by equal Parts. 
* Divivt rr, equal to the given Height, into 5 equal parts, the lower 1 part, 
is the Height of the Pedeſtal, Divide 3, equal to the remaining part into 15 
equal j arts, and the 11th part into 6 equal parts, the 2 upper parts and 4 of the 


next lower part is the Height of the Entablature, and the remainder wp, is the | 


Height of the Column, and which being divided into 1 1equal parts, 1 of thoſe parts 
will be equal to the Diameter of the Column. And its Height to 11 Diameters. 
PIO. II.. IX. | 


Jo divide t e Height of the Compoſite Pedeſtal into its principal Parts, and them into 


E | their reſpetive Members. ; 
Dawa, for the Baſe Line, and fd, for the central Line, divide & e, 5 
3 | | qua 
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| ual to the given Height into 4 equal parts, and the ad part into ual parts ; 

8 divide Za, equal wh of the 2d part, — 12 equal — 3 and —ͤ— * | 
to 5 of thoſe parts, and draw v6, for the Height of the Plinth ; at 3 parts above | * 
'a draw the upper Line of the Torus, and make the Height of its Filler, equal to | 

u part; give the upper 2 parts to the Height of the Cavetto, and the next 1 to 
the Height of the Fillet, then the remains will be the Height of the inverſed Cima 
recta. Half the upper part of 4 e, is the Height of the —_—_ divide 57, into 
9 _ parts, and the lower 1 part into 6 parts, give the lowef 2 to the Height 

of the Cavetto, and the next 1 to the Height of its Fillet. DiFide the middle: 
of Y, into 6 parts, give the zd part to the Height of the Fillet on the Cima re- 
verſa, and the remains of that, and the lower part, will be the Height of the —_ 
Cima reverſa. Divide the upper 1 part of 4 /, into 4 equal parts, give the upper _—_— 
1 part to the Regula, and the next 2 to the Cima reverſa. | 4 1 
To determine the Projections of theſe Members. 
Tun Diameter found as before, being divided into 60 Minutes, draw 6 x, 
parallel to fa, at 42 Minutes diſtance, make x ww, and 6 a, each equal to à &, 
and draw a w, which will determine the Projection of the Plinth at w av, and 
the Cornice ata. From any part of & x, the uprighc of the Dado, draw a right 
Line as 1, 2, which divide into 4 equal parts; the firſt 1 determines the Projection 
of the Faſcia c 4, 4 of the next 1 the Projection of the Cima rea at 4; the 
third 1, the Fillet on the Cavetto, and on the Cima in the Baſe at p, and 4 of 
the laſt 1, the foot of the Cavetto in the Cornice, and in the Baſe ; laſtly, the 
Projection of the Fillet g, in the Baſe, is equal to the Projection of the Center 


-of the Torus. | | 
Pros. III. Fig. IT. Plate XXXIX. 

Do divide the Compoſite Column, into its Baſe, Shaft and Capital. 

Tux Height 4 5, being divided into 11 parts, one of which being the Di- 
ameter as aforeſaid, make 5g, the Height of the Baſe, equal to halt the Di- 
-ameter ; and de, the Height of the Capital, equal to the Diameter, and one 

Pros. IV. Fig. IV. Plate XLI. 
To divide the Baſe of the Compoſite: Column, into its reſpective Members. 

Draw / for the Baſe Line, and / for the central Line. Divide @ " into 

3 equal parts, the lower one part is the Height of the Plinth. Divide the 
middle 1 into 5 equal parts, the lower 3 parts is the Height of the lower 
| Torus, the next 1 of the Aſtragal, and half the next 1 of its Fillet. Divide 
the upper 1 of 2% into 5 equal parts, the upper 2 is the Height of the up- 
per Torus ; halt the next 1 is the Height of the Fillet under the Torus, 
and the remains, is the Height of the Scotia. To determine the Prejectures of | 11 
theſe Mouldings. Draw i b, parallel to a /, at the diſtance of 30 Minutes, = 
and make 4% equal to 12 Minutes. Divide 4% in 5 equal parts; the firit 9 
1 part and half, determincs the Projection of the Aſtragal, on the lower Torus, 
the ſecond part its Fillet, the third part, the Fillet under the upper Torus, and 
its Center alſo; and the third part and half, the Center of the Aſtragal on 

the upper Torus and its Fillet alſo. The Height of the Aſtragal on the upper 
Torus. is equal to half the Height of the upper Torus, and the Fillet on the 
Aſtragal, to half the Height of the Aſtragal 6 

. Pros. V. Plate XL. £ 
To proportion the parts of the Compolite Capital, by equal parts, 

FigsT, ſet up the Height of the Capital, proportion its Altragal, Leaves, 
and Abacus, exactly the ſame as in the Corinthian Capital; and the 20 Minutes 
contained between 4, the lower part of the Abacus, and 7, the top of the upper 
Range of Leaves, divide as follows, vin. Divide g, into 8 equal parts, give 
the 1:xth and 7th parts, to the Height of the Fillet E. Divide the 5 Minutes 
between 50 and 55, into 2 equal parts at V; then , is the Tieight of the At- 
tragal D, which is alſo the Height of the Eye of the Voiutes N and N. Di- 
vide the upper 5 Minutes. contained between 55 and Co, into 4 equal parts; 
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R, and 1 to its Fillet. 


| Regula. | 
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ive the upper 1 to the Height of the Fillet under the Abacus, and the re- 
— ef, to the Height of the Ovolo C. Now as the Volutes N N, 
are Elliptical, and have the Centers of their Eyes, in that point of the Line : X, 
the upright Line of the Shaft, that is cut by the central Line of the Aſtragal D, 
and as they are comprized within a Parall s formed by the upright Lines 
ing from v, the Projection of the lower part of the Abacus — ww P, as 

alſo by 4, the under Line of the Abacus, and #r the top of the ſecond 
Range of Leaves. Therefore 6 Pros. VI. or VII. LECT. VII. hereof, 
deſcribe a circular Volute, whoſe Height is equal to the Breadth of your Paral- 
lelogram; and then from that Volute ſo made, by Pxos. VIII. LECT. VII. 


aforeſaid, deſcribe an Elliptical Volute in the aforeſaid Parallelogram, which 
perform- 


will be the Volute to this Capital, and which being in like manner 
ed on both ſides, the Capital will be completed as required. 5 
Pao. VI. Fig. III. Plate XLI. and Fig. I. Plate XLII. 
To divide the Height of the pn * into its Architrave, Freeze, 
nice. | , 

As I have given two Examples of Entablatures in this Order, the one for 

the Inſides of Buildi ings, to be ſeen at a ſmall diſtance, and the other for-the 

outſides of Buildings, to be ſeen at a conſiderable diſtance, I ſhall therefore 


ſpeak Ir thereof. : . 
I. Of the Compoſite 1 7 ; uſed within Buildings, Fig. III. 
þ | ate { | 


Drvipe / A, equal to the given Height, into 8 equal parts; give 2 to the 


Height of the Architrave, 3 to the Height of the Freeze, and the ſame to the 
Height of the Cornice. | | 


To divide the Height of the Architrave. | 
Dyvive 7e its — into 50 equal parts ; Z 8 to the Height of Z, 
the lower Faſcia, and half to its Bead, 10 to Y the middle Faſcia, 4 to the 
double Bead X, 15 to the upper Faſcia, of which 5 muſt be given to the Drops 
V, z to the Cavetto T, 1 to its Fillet, 2 to the Aſtragal 8, 4 to the Tenia 


To bvide the Height of the Freee., | 
Drvips v, equal to its Height, into 12 equal parts, and give the upper 


1 to P, its Capital. 
To divide the Height of the Cornice. 


"Divipe I , equal to its Height, into 70 equal parts; give 1 to the lower 


Fillet, 2 to the Aſtragal O, 4 and half to the Cavetto N, 1 to its Fillet, 6 
to the Denticule, of which the upper 5 is the Height of the Dentules ; then 
give 1 to their Fillet, 2 to the Al L, 4 and half to the Ovolo K, and 6 
to the Platform of the Modilions, of which the upper 5 is the Height of 
the Modilions, Give 2 to the Cima reverſa H, 7 to the Super-Modilions 
G, and 1 to the Fillet. Give 2 to the Aſtragal F, 4 to the Super -Aſtragal E, 


and 1 to its Fillet. -Give 8 to the Corona D, 3 to the Cima reverſa C, and 1 


to its Fillet. Give 2 to the Aſtragal B, 8to the Cima recta A, and 3 to ity 


| To determine the Projeftions of theſe Mouldings. 

Max gE, and C D, each equal to the Semidiameter of the Column at its 
Aſtragal, and draw the Line e 4 for the upright of the Freeze, which continue 
up through the Cornice. Make the utmoſt Projection before the upright of 
the Freeze, equal to x the Height of the Cornice. "> 

From any part of the upright of the Freeze, as at E, draw a horizontal 
Line, as E F, which divide into 4 equal parts. Divide the firſt 1 ou into 3 
parts; then the firſt 1 part thereof, determines the Projection of the Cavetto 
and Aſtragal at ww, and two thirds thereof, the Capital of the Freeze, whoſe 
Fillet projects equal to its Height. The ſecond part of the firſt part E F, de- 
termines the Projection of the Fillet ; and one fourth of the next third part, 


the Denticule 7. E ö, one fourth part of E F, determines the Projection of the 


Fillet 
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Fillet s, and Center of the A r; as alſo the bottom of the Ovolo K. 
Divide 6d, the ſecond part of E F, into 8 parts; or 6 c its half, into 4 
rts; then the ſecond part determines the Projection of the outſide of the 
Modilion at =. Biſect 4%, the third part of ef, in e. Divide de in 4 parts, 
then the firſt part determines the Projection of the Modilion in profile at 13 
the ſecond part, the Super Modilion at /, and 4 e, the Super-aſtragal at 7. 
Divide FF, the 4th part of E F, into 7 equal parts; then f2, equal to 3 of 


thoſe # my determines the Projection of the Corona, and 75, equal to $ of 


FF, the Fillet of the Cima- reverſa C. Make y x, the Tenia of the Architrave, 
equal to 4 of 3 of EG. Make gr, and f & in the Freeze, equal to half the 
Diameter at the Baſe of the Column. Divide 7x in 6 parts, and give 2 
parts to the Breadth of each Drop, as in the Doric Order. | 
A A To — the Dentules in the Cornice. 
w1ips a6 into 24 equal parts; give 2 parts to the Breadth of each Dentule, 
and 1 to each Interval. The Breadth of an upper Modilion, is equal to 10 
Minutes, and of an under Modilion unto 5 Minutes. The diſtance in the Clear 
between the upper Modilions is 30, and between their central Lines 40 Minutes; 
ſa that to adjuſt the diſtances of Columns in this Order, we muſt place them 
at 3, 4, 5» 22 times 40 Minutes, and then the Modilions will happen at 
their true diſtances. This Entablature, without Oſtentation, is the richeſt and 
moſt magnificent, that has yet appeared in the World. 1 05 
II. Of the Compoſite Entablature, to be uſed againſt the outſides of Buildings. 
| | Fig. I. Plate XLII. | | 
DivipE 5, _ to the given Height, into 10 equal parts; give the lower 
3 to the Height of th2 Architrave ; the next 3 to the Height of the Freeze, and 
the upper 4 to the Height of the Cornice, . | | 
| To divide the Height of the Architrave. | 
Divape r v, equal to the given Height, into 5 equal parts; divide the lower 
t part into 4 4 z give the lower 3 to C the lower Faſcia, and the upper 1 to B 
the Bead. e ſecond of v, is the Height of A, the middle Faſcia. 
Divide the third part of ? v, into 3 equal parts, and give the lower 1 to z the 
Cima reverſa. Divide y x, the 4th part of : v, into 4 equal parts; give the 


upper 1 to the Height of the Bead x, and the remains, with the remains of - 


the third part, will be the Height of y the upper Faſcia. Divide the u 
part of , into 3 equal parts; = the leans to the Height of the Cima 
reverſa, and the upper 1 to the Height of g the Regula. 

To divide the Height of the Freeze. 

Divipe the upper third part into 5 equal parts, and the Nr. 1 of 
thoſe parts into 3 parts; give the upper 2 parts to the Height of the Aſtragal 
n, and the lower 1 to the Height of its Fillet . This Freeze may be made 
either upright or ſwelling, at the pleaſure of the Architect. 

To divide the Height of the Cornice. : | | 

Tur Height conſiſting of 4 principal parts, divide in, the firſt part, into 
8 equal parts; — the lower 4 parts to the Cima reverſa , and the upper 
4 parts to the Platform of the under Modilion, of which the upper 3 parts 
muſt be given to the Height of the Modilion. Divide /i, the ſecond part of 
the Height, into 4 parts; give two thirds of the lower 1, to the Height of the 
Cima reverſa z ; 4 the upper 1 being divided in 3 parts, give the upper 2 
to the Ovolo, and the lower 1 to the Fillet. Divide cf, the third part of 
the Height, into 4 equal parts, and the upper 1 thereof, into 2 parts ; give 
the under 1 to the Height of the Fillet 4, and the 3 — arts will be 
the Height of the Corona e. Divide the upper fourth part of the Height of 
the Cornice, into 4 equal parts, and the lower 1 thereof into 3 equal parts, 


add the lower 1 to the remains of the third 3 part, which together 


make the Height of the Aſtragal C. The upper 4t 


part is the Height of 
the Regula a. | 
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136 Of ARCHITECTURE. 
ho To determine the Projectiont of theſe Mouldings. Th 8 
Draw FO, parallel to the central Line QR, make F G equal to F M, from 
any part of the Upright of the Freeze, as at K; draw the Horizontal Line K L e- 
ual to FG, which. divide into 4 equal parts, and each part into 6 equal parts, 
then the iſt part of K 1 determines the Projection of the Fillet and center of the 
Aſtragal, the 4th part the under Modilion, the 5th part the upper Modilion, 
and K 1 the Ovolo or Capping of the upper Modilion ; the 2d part of K L being 
divided in 6 parts, 4 parts and + determines the Projection of the. lower Modili- 
-_ in — 5 parts and the Super- Modilion in profile, and 5 parts 3 its Fil- 

et ; t 

volo under the Corona, whoſe Projection is determined by the 3d: part of K L, 
and its Fillet by the next half part. xt 


The Projection of the Tenia O is equal to 4 parts of K 1, and which be- 


ing divided into 5 equal parts, give 4 of the firſt one to the Projection of the 
middle Faſcia, and the firſt 2 to the upper Faſcia. The Breadth of a Super- 
Modilion is 10 min. and the Intervals between every two is 25 min. and which 
being in every reſpe& equal to the Modilions of the Corinthian Order; therefore 
when this Entablature is uſed, the Intercolumnations muſt be the ſame as thoſe of 
the Corinthian Order, of which Fig. I. II. and IV. Plate XLIII. are Examples, and 
as the firſt and laſt of theſe Examples are arched Doors, I muſt therefore proceed 
to explain the Impoſt and circular Architrave, Fig. V. which is uſed therc in. 
| To divide the Compoſite Impoſt and Architrave. | 
| Divive 25 the Height into 3 parts, the lower 1 is the Height of the Neck, 


or Freeze of the Impoſt. Divide the middle 1 into 3 equal parts, and the lower 


1 into 3, give the lower two to the Cavetto, and the upper 1 to its Filllet ; di- 

vide the upper 1 into 3, and giving the upper one to the Fillet, the two lower 

parts, together with the middle-part, is the Height of the Cima recta. Biſe& 

ah in i; divide az in 3 parts, give the lower two parts to the Cima reverſa, and 

the upper one to the Regula. The Aſtragal and its Fillet is equal to half mh 

the Neck of the Impoſt. 3 
The Projectiont of theſe. Members are thus found : 


Draw be for the Upright of the Pilaſter ; divide 4e, the Breadth of the Pi- 


laſter, in 3 equal parts, make eg equal to one part, and gf equal to 4 of eg; 


make hc equal to ef; divide eg in 3 parts, and the firſt 1 part in 3 equal parts; 


then the 1 1 part determines the Bottom of the Cavetto at x, the 2d part the 
Fillet of the Aſtragal at c, and the zd the Aſtragal and Fillet y; divide the laſt 


3d part of eg in 3 parts, the firſt 2 parts determines the Projection of the Fillet 


at x, and e g of the Faſcia at aw. | 
. To divide the Architrave. 


" Div1ps de, equal to 4 5 the Breadth of the Architrave, into 3 equal parts; 
divide the firſt 1 into 3 equal parts, the outer one is the Breadth of the Regula, 
the middle 1 of the Ovolo, with its Fillet, which is a 5th part thereof, and the 
third 1 is the Breadth of the Cavetto, with its Bead, which is 3 part thereof; 

the middle zd part of de is the Breadth of rp the great Faſcia, and the next part 
of the ſmall Faſcia, and Cima reverſa, which is + thereof. | 


LECTURE X. 


Queries on the fue Orders of AnDrBA PALLADIO, recommended to the Confide- 


ration of his Adwocates. 


T. Of the Tuſcan Order, Plate XX. 


Qpere 1. AN the Cincture, which is abſolutely a part of the Ty/ean Shaft, 


be juſtly conſidered as a part of the Baſe ? 


2. 2. Are the parts in the Heights of the Members of Palladio's Tuſcan 


Baſe, Fig. II. ſimilar to the Number of diameters contained in the Height of the 


Column ? | | | 
Q. 3. Are not the parts in the Heights of the Tuſcan Baſe, Fig. III. ſimilar 


to the Number of diameters, in the Height of its Column? 1 


e firſt half part, between 2 and 3, determines. the Projection of the O- 
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| 8.2 Is not the Neck of his Taſcan Capital too low, and the Projection of 
its Ovolo and Abacus too little? | 
2. 5. Is not his Abacus, and Ovolo under it, too maſſive for the Fillet ? 
2. 6. If, in the Execution of the Doric Order, the Triglyphs and Drops are 
left out, as often is done, how are the Tuſcan and Doric Architraves to be known 
from one another, ſince that, in both theſe Orders, he has divided each Archi- 
trave into two Faſcia's ? - 

- 7. Is not the Height of his Tuſcan Freeze, which he has made equal to 
of the Entablature, too little; for a great part of its Height being eclipſed, 
by the Projection of the Tenia, the Remains has more the Look of a Faſcia 
than of a Freeze ? | 5 | 

2. 8. Should any compound Members, as the Cima recta of the Cornice, 

be uſed in this Order, ſince that its native Simplicity (which conſiſts in the plain- 
neſs of its fingle Mouldings) is thereby deſtroyed. ö 

9. Which is moſt agreeable to the Character of the Order, viz, To finiſh 
the Entablature with the Cima recta and regula, as Fig. II. or with the plain 
and bold Ovolo, as in Fig. III. | 3 


II. Or the Doric Order, Plate XXIV. 4 

9. 10. Is not the Attic Baſe, which he has given to this Order, much too 
extravagant, and more eſpecially as that anciently this Order was made without 
any Baſe ? Is not the modeſt Addition of an Aſtragal on the Torus, as in Fig. IV. 
ſufficient to diſtinguiſh it from the Tuſcan? 

. 11. Are the Annulets proportionate or diſproportionate to the Ovolo and 
A 5 they ſo noble an Aſpect as the Aſtragal under the Ovolo in the 
Capital, Fig. II. 

2 12. San the Annulets be ſeen diſtinctly, at ſo great a diſtance, as the a- 
foreſaid Aſtragal? Eb 
2. 13. Is it good Architecture, to make the ſame Bed-moulding in the Doric 
Entablature, as in the Tuſcan ? | 

2. 14. Is a driping or oblique Plancere, as A, the moſt agreeable, or the 
moſt difherecable of all others ? | 

| | | III. Of the Tonic Order, Plate XXVIII. 

1 5: Is not the Plinth of his Pedeſtal, Fig. III. much too low? 

2. 16. Should the fonic Architrave be divided into the fame Number of 
Faſcia's as the Corinthian Architrave ? | | 

9. 17. Is it good Architecture, to make the ſame Bed-moulding in the Hnic 
Entablature, as in the Tuſcan and Doric ? 

2. 18. To which of the Orders do Dentules properly belong? 

2. 19. Should the Doric and Jonic Cornices be alike finiſhed with a Cima rec- 
ta and reverſa, as in Plates XXIV and XXIX. 


IV. Of the Corinthian Order, Plate XXXII. 
9. 20. Is not the Plinth to his Pedeſtal much too low for the Statelineſs of 
the Order ? | | 
2. 21. Is it good Architecture, to make the Shaft of the Carinthian Co- 
lumn, Fig. I. 20 minutes ſhorter than the Shaft of the Ionic Column, Fig. I. 
Plate XXVIII. | | . | | 
| V. Of the Compoſite Order, Plate XXXIX. _ | 
oY 22. Is not the Plinth to his Pedeſtal much too low for the Stature of the 
rder > 
2 23- As the Corinthian Order, which is more delicate than the Compoſite 
Order, has its Shaft made 20 minutes ſhorter than the Shaft of the Ionic, why 
doth he make the Shaft of the Compoſite Order, whoſe Capital and Entablature 
is more maſſive than the Corinthian, 30 minutes higher than the Shaft of the 
bonuic ? | . Sls 
24. 
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2. 24. Has the double Aſtragal 4, in Fig. I. Plate XLI. any Sitnilarity or 

Proportion to the other Members of the Baſe ? 
25. Is it good Architecture, to proportion the Architrave and Freeze of 


thick Order the ſame ( a minute only rage mg” as the Tuſcan. 


9. 26. Can any Perſon believe, that the Fillet on the Freeze, and its Aſtra- 


gal, ſhould be made equal. | | 
9D. 27, Are not the Greatneſs of the Members in the whole Entablature 


more proportionate to a Tuſcan Column of ſeven diameters in Height, than to a 
ſlender Column of ten diameters, which he has aſſigned? : 
To theſe I could add much more; but let theſe ſuffice to ſhew, that this great 


Maſter is no more free from miſtakes than another, altho' ſo very much ap- 
plauded by many, who, for want of knowing better, have believed him ini- 
mitable. : EX | L | 
; LECTURE XI. 
Of the Groteſque Order, Fig. I. Plate XLVII. 


bers, and is to be uſed in Grotto's, c. 


| + Ao 1s Order is a degree below the Tuſcan : It conſiſts chiefly of ſquare Mem- 


To proportion the Parts of this Order. : | 
Divipe a/, equal to the given Height, into 3 equal parts. and the lower 
1 part into 7 parts, give two parts and 4 to the Subplinth ; divide the upper 1 
part of a / into 7 equal parts, and give the upper 1 to the H ight- of the Ovolo ; 
divide 54 into 5 parts, the lower 4 parts is the Height of the Column, and 
which being divided into 7 parts, 1 is the diameter of the Column; divide 6 e, 


the upper 1 part of 44, into 3 parts, the upper 1 is the Height of the Corona 


and Fillet, which is 4 of the whole; divide 7g into 7 parts, wu 3 to the Archi- 
trave and 4 to the Freeze; make g the Capital equal to 5 the diameter, as alſo 


the Height of the Baſe ; make the Height of the Cincture on the Baſe, and the 


Fillet under the Capital, each equal to 4 of the Height of the Bale. 

5 To ruſticate the Shaft. a 

Divips its Height into 7 equal parts, and make each Ruſtick and each Inter- 
val equal to one part. The Projection of the Baſe is 40 minutes, and of the Sub- 
baſe 45 minutes, from the central Line of the Column. The Projection of the 
Cincture, from the Upright of the Column, is equal to its own Height, and the 
Projection of the Ruſticks is equal to that of the Cincture. The Shaft is dimini- 
ſhed x of its diameter at the Baſe, and its Capital projects, before the Upright of 
the Shaft, 3 of its diameter at the Capital. The Projection of the Ovolo, from 
the central Line c, is 1 diameter 37 minutes and 3. | 


| LECTURE XII. | 
Of the Attick Order, Fig. VIII. Plate XLV. | | 


H1s Order is never uſed, but when an Aztick Story is placed over th 
Cornice of ſome one of the preceeding Orders, and is thus proportioned. 
Divivs DG the Height into ꝙ equal parts, give the upper 1 part to the 
Height of the Cornice. | | 
| To divide the Members of the Cornice, Fig. II. : 
Drv1ps the Height into 10 equal parts, give the firſt 3 parts to & the Height 
of the Denticule, the next 2 to the Height of the Cavetto x, the next 3 to the 


| _ of the Corona wv, and the upper 2, to v the Cima reverſa, with its Fil- 
et ze. 
Note. In the Plate, the Cima rewerſa is, by Miſtake, mage a Cima recta, which 
the Reader is defired to correct. | | 
The Height of the Denticote, divided in 6 parts, the depth of the Dentules 


muſt be made 5 of thoſe parts, their Breadth 3 parts, and the Intervals each 1 
| - e part 


1 - 
. 


or Workman. 


| conſequently the Line cd, is divided in the ſame proportion, as the Lin: 
I x the ſame manner a Pilaſter with Beads and Fillets, is readily divided by an 


equilateral Triangle of 31 parts, as da 6, Fig. M. 
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Part and 3. The Projection of the Cornice is equal to its Height, The Heighe 


of the Plinth is 12 parts and , as alſo is the Breadth of the Pilaſter, of theſe * 
| — into which the Height of the Cornice is divided, and the ſmall Torus 
Fillet on the Plinth is 2 parts and 2. | ; 


Ir tis required to place Balls on Necks over the Pilaſters of this Order, the 


| —_— of the Neck muſt be equal to the Height of the Cornice ; which being 
vi 


in 5 parts, give 2 to the Plinth, + the next 1 to its Fillet, and of the 


upper 1 to the upper Fillet. The Diameter of the Ball is equal to the Diameter 
of the Pilaſter, and the diſtances of the Pilaſters are always the ſame, as of the 


Columns over which they ſtand. 


LECTURE XIII. Fig. II. Plate X. 
Of aureatbed r e 


bien wreathed or twiſted, it is therefore neceſſary to ſhew, | 
:  #oaw to deſcribe a wreathed or twiſted Column. | 
LeT ebcr, be a given Shaft, (1) biſect 2b in G, and draw the Line G c, 
make rf, equal to rc, and draw wp, parallel to cr. Draw the diagonal Lines 
ef, and dr, and make the Triangle 4 z c, equal to the Triangle pg x, on the 
Points æ and g; with the radius g r, deſcribe th 
po, equal to pw, and draw eo, parallel to cr, alſo draw the Diagonals ep, and 
ow. Make the Triangle og, equal to the Triangle eh wv, on the points h and 
g, with the radius 5 4, — the Arches de, and po. 3dly, Make on, equal 
to o v, draw the Diagonals , and en, make the Triangle «Fe, equal to the 
Triangle # 10, and on the points F and i, with the Radius i o, deſcribe the Ar- 
ches ge, and 10; 4thly, make 11, equal to a?; c. and ſo proceed to repcat 
theſe operations, until the whole be completed as required. N 


25 LECTURE XIV. Plate XI. 
Of the manner of dividing the Flutes and Fillets, on the Surfaces of real Pilaſlers, 
and Columns. | 


ILASTERS, are fluted in two different manners, is. either with Fillets 


only as Fig. N. or with Fillets and Beads at their Angles as in Fig. M. 
Tas number of Flutes in the Front of a Pilaſter ſhould be ſeven preciſely, al- 
though ſome make leſs, and others more, but thoſe are never done by an Artiſt 


THz Breadth of a Flute, is to the Breadth of a Fillet, as 3 is to 1. In Fig. N. 


there are 8 Fillets, and 7 Flutes, which are thus found, vis divide the g ven 


_ of your Pilaſter into 29 equal parts, give 1 to each Fillet, and 3 to each 
ute. | 
- In the other Example Fig. M. divide the given Breadth into 31 equal parts, 
give 1 to each Bead, and the other 29 to the 8 Fillets and 7 Flutes as in Fig. N. 
| | To readily divide the Flutes and Fillets of a Pilaſter. 

Dx aw a Line at pleaſure as ab, Fig. N. and therein ſet off 29 any equal 
parts from @ to 3. Make the equilateral Triangle a z 6, and from the 29 di- 
viſions, draw Lines to the point z: this being done, ſet the given Diameter of 
your Pilaſter from z to 4, and to c, and draw the Line cd, which will be divided 
at the points gi, c. into its Flutes and Fillets as required. For as cd, is 


parallel to a 6, therefore the Triangle cd x, is ſimilar to the Trang ⁊ 4 G and 
ne ab. 


o divide at once, the juſt Breadths of Flutes and Fillets, on the Surface of a real 

| | Column. 
Ler Fig. F. Plate XI. be the Plan of the Baſe, and Fig. E. of the top of a 
given Column, to be fluted with F _—_ x | 
2 


S at ſome times, the Shafts of the Tonick, and Corinthian Columns have | 


e Arches pr, and dc; 2dly, make 


_ Operation, 


> 
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Operation. Draw a right Line as p g. 2 I. at pleaſure, and having two pair 


of Compaſſes, open one pair to any ſmall diftance, ſuppoſe pr, and the other 


Pair to one third part thereof; now as theſe two openings of the Compaſſes, are 


to one another, as the Breadth of a Fillet; is to the Breadth of a Flute, therefore 
from p, towards 9, ſet off the two openings, each 24 Times reciprocally, that is 
interchangeably, as firſt p », then ys, then f, equal to pr; &c. but you muſt obſerve 
that the two openings aforeſaid are ſuch, that when you have ſet each 24 times 


from p to 4, that the Length from p to g, be leſs than the Girt or Circumference 


of your Column that is to be fluted, otherwiſe your Labour will be in vain. 
From the ſeveral Diviſions ſo ſet off, on the Line p 2, draw right Lines per- 
pendicular to p g, of length at pleaſure, and then you may proceed to the finding 
of the true Breadths of your Flutes and Fillets as following. 


1ſt, Strike a perpendicular chalk Line from the Aſtragal to the Cincture on the 


ſurface of the Column, and being provided with a narrow ftreight edged piece 
of Parchment, &c. girt about the Column at its Baſe, and cut the Parchment 
c_ to its girt. 'This being done, apply one end of the Parchment to one 
ſide © 

a; then will x a, the ſtreight edge of the Parchment, be divided by the afore- 
ſaid perpendicular Lines at the points bcdefghikm, c. which are the true 
— * of the ſeveral Flutes and Fillets for your Column, and which bein 
marked on the edge of the Parchment with a black- lead Pencil, apply the ſai 
Parchment about the Baſe of your Column, laying one end unto the chalk Line 
aforeſaid as at B, and prick off the Breadth of every Flute, as at 4 b, c d, e %, 


gb. l, In. &c. 


2dly, Take the girt of the Column under its Aſtra , and apply it to Fig. I. 


as from # to 1, whereon mark the Breadths of every Flute as in the former, and 
applying one end of it, unto the aforeſaid perpendicular Line, as at A; prick off 
the Breadth of each Flute, as at the points 1 2, 3 4, 5 6, 78, 9 10, 11 12, &c. 


and then chalk Lines being ſtruck on the ſurface of the Column, from the Di- 
viſions under the Aſtragal to thoſe at the Baſe, the whole ſurface of the Column 


will be ſet out ready for working as required. 

Note. To know when a Flute is worked truly Semi- circular in a Pilaſter, apply a 
ſquare within it, and if the Angular 3 and Sides of the Square touch the Sur- 
face, and extremes of the Flute, at the ſame time, as at pg r, Fig. G. Plate XI. 
the work is true, otherwiſe 'tis falſe. And Flutes, that are leſs than Semi-circles, 


are proved by the very ſame Method, only inſtead of applying a Square, you 


muſt apply a Bevel, in manner following. 
"as Gor Example, Let a be, Fig. H. Plate XI. be the Plan of a Flute whoſe 


| Depth is leſi than the Radins of the Circle, of which the Flute is a Segment. 


eration. Aſſume a point in any part of the Flute as at b, and draw the Lines 
bed, and baf. Nail together two ſtreight pieces of Lath, &c. ſo as to make 


an Angle equal to the Angle 7 d, and to prevent its opening or ſhutting, to a 


reater or leſſer Angle, tack on a Brace as the Piece g e, then will your Bevel 
be repared for uſe, as the Square aforeſaid. = 

 Nete. By this Method, the Height and Extent of any Scheme or other circu- 
lar Arch being given, may be deſcribed without any recourſe being had to the 
Center, for it the Sides of the Bevel be kept to à and c, the Extent of the Flute, 
the angular point &, by Pros. XVI. LECT. VI. Parr II. will always fall on 
ſome part or other of the Arch a bc; and conſequently if the point &, be applied 
to the point a, and then moved on towards 6, thence to c, (the Sides of the Bevel 
being always kept ſliding cloſe to the points @ and c,) it will deſcribe the Arch 


a bc, which is a Segment of a Circle, and without any regard being had to its 


Center. 


Fig. II. and III. Plate NI. Shews the manner of making an Inſtrument on | 
Paſtboard, or Ivory, for the ready ſetting off the Breadths of Flutes of Columns 


on a Drawing, without the Trouble of deſcribing and dividing of a Semi-circle, 
: | | as 


Fig. I. ſuppoſe at æ, and its other end, unto the other outer Line, as at 


r 


Ss. aS. res 


- prick off the ſeveral 
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as before-tanghe, which is an Invention of Mr. Edward Stephens, Cabinet-maker, 
and thus e. | | f | 
Operation. Firſt, deſcribe a Semi-circle, as cg, of a larger Size than the 


Diameter of any Column that you may deſign to draw; divide its Circumfe- 


rence into its proper Flutes and Fillers, as before-taught, and then drawing 


right Lines from them, to the Center a, the Inſtrument is completed. 


SECONDLY, ſuppoſe you have the drawing of a Column to be fluted, whoſe 
Semi-Diameter is equal to PA. On the Center a c, deſcribe the ſmall Semi- 
circle 4 1, 2, 3, 4, 5, Fc. which will cut the centralfLines of the Inſtrument, in 
the Points 12 3 45 6, Cc. from which draw right Lines with Black-lead, at 
right Angles to cg, and they will divide 4a-into unequal parts, which are 
the true Appearances of the Breadths of the ſeveral Flutes required. And the 
Edge 4 a, being applied to the Diameter of the Column in your drawing, 

Viviſons, which will be the breadths of your Flutes and 

illets, as required. | 3 

Fig. III. is another Inſtrument of the ſame kind, made for ſetting off the 
Flutings of Doric Columns, according to the manner of the Ancients. 


LECT. XV. | 
Of the Manner of placing Columns againſt Walls, and over one another, as the 
Doric on the Tuſcan, the Ionic on the Doric, Oc. 
IOLumNs are placed either againſt Walls, with a fourth part of their Diameters 
C inſerted, as Fig. III and IV, Plate XXX. when three quarters of the body of the 


Shaft projects before the u right of the Walls ; or entirely clear from the 
Wall, as Fig. III. Plate XLI 


I. in which laſt Caſe, a Pilaſter is always in- 
ſerted in the Wall, as C and B, before the Columns DE; and the Interco- 
lumnation or diſtance of the Column from the Pilaſter, 'is always the ſame as 
when Columns are placed in pairs. The quantity of Inſertion of Pilaſters, muſt 
be ſuch as will be agreeable to the parts of their Capitals. In the Tuſcan and 
Doric Orders, the Pilaſter may project before the Wall, a half, a third, a 
fourth, a fifth, a ſixth, or ſeventh part of its Diameter: but in the nic, Co- 


rinthian, and Compoſite Orders, they ſhould be half a Diameter preciſely, o- 
therwiſe the Ornaments of their Capitals will be unevenly divided, and have 


a very bad Ap bas 
Wu Columns are to be placed over one another, as was the cuſtom of the 
Ancients who placed an Order in every Story, we are to obſerve, firſt, That 


the Diameter of the Column in the ſecond Story be at its Baſe, equal to 


the Diameter of the lower Column at its Aſtragal; and that they ſtand ex- 
actly perpendicular over each other, that the upper Solid may ſtand on the low- 
er. Secondly, to place the upper Columns on a continued Pedeſtal, whoſe 
Height ſhall be ſo agreeable to the Windows, 'as for to make the Cornice of 
the Pedeital do the Office of Stools to the Windows ; for when Columns have 


their Baſes placed below the Bottoms of Windows, ſo that their Stools being con- 


tinued ſtop againit the Shafts of the Columns, as thoſe do at the Royal Banquet- 


'ing-houſe at Whitehall, they have a very ill Effect. The Intercolumnation of 


Orders placed over one another, muſt be governed by the Triglyphs and Mo- 


dilions, and therefore to place the Doric over the Tuſcan, regard muſt be had 


to the number of Triglyphs in the upper Order, to which the Tuſcan muſt 
be conformable, as indeed muſt the nic to the Doric in ſome Caſes, when 
the diſtances of its Modilions, muſt be made a little more or leſs to bring them 
into order; and when the Corinthian is placed over the nic, the Modilious 
of the nic, muſt be conformable to thols of the Corinthian. 

WHEN an open Gallery is made over an Arcade, the openings between the 
Columns may be quite down to the bottom of the Pedeſtal in the upper Order, 
as in Fig. I. Plate XLIV. but at ſuch times tis belt to place a Balluſtrade between 
the Pedeſtals, which will be a Security and an Ornament allo. 
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LECT. XVI. 1 
Of the various kinds of Ornaments for the Enrichment of the ſeveral Member 
F which the five Orders of Columns are compoſed. | 


TME Ornaments that are, and may be invented for the Enrichments of 
Mouldings, are endleſs ; but thoſe that are now in the greateſt Eſteem, 
T have introduced in the ſeveral Members of the laſt four Orders ; not that every 
Order muſt be ſo fully enriched as I have expreſſed, but ſuch parts of them only, 
as ſhall be judged ſufficient; and that the Learner ſhould not be at a loſs, to 
know what Ornaments are proper for ſuch Members, as he may be inclined to 
enrich, I therefore have been ſo profuſe, as to give every Member an agreeable 
Enrichment. And as oftentimes tis required to enrich Pannels, Pifture-Frames, 
and other parts of Buildings, I have therefore, in Plates XVI, XVII and XVIII, 
given a great variety of Ornaments at large, together with the Sections of di- 
'vers curious Mouldings for ſuch purpoſes, of which take the following Ac- 
count, | x | ; 

I. Tux Figures E FI, are Ornaments called Vitruvian Scrolls, J ſuppoſe 
from Vitruvius, who might be the Inventor of them. The diſtances of the Fi. 
rals is at pleaſure; but their Height being divided into two parts, their diſtance 
is general "$5.90 to 3 of thoſe parts, and their Spirals are deſcribed by the 
Methods before-taught. | 4! | 

IT. Tun Figures GHK LM, are Interlacings, or Guilechi's of various kinds, 
of which G HK and L, are compoſed of the Arches of Circles, as is evident 
by Inſpection, and that of Fig. M, of parallel right Lines, which form geome- 


trical res of any Magnitude connected together, by Quadrants on the out- 


ſides. The fret Ornament of the Ancients, is by ſome called Guilachi. of which 
in Plate XVIII, I have given Examples of 15 kinds, for the praQtice of the 

oung Student, and whote number of parts into which the breadth of each 
is to be divided, are ſignified by Diviſions, and numerical Figures againſt each. 

III. Tye Eggs and Darts, commonly called Eggs and Anchors, as Fig. I. 
Plate-XVI, are thus deſcribed. Divide the Height 7 P, into 9 equal parts, 
at the Points 123456789. Firſt, Draw a C and &B, parallel to 7 P, 
each at the diſtance of 7 parts; and divide a7 and 7 &, each into 7 parts. 
Through the Point /. draw e m. parallel to CB; make Fe and /n, each e- 


qual to 4 ou and draw the Lines 3 and m b. Through the Point 3, on 


the central Line 7 P. draw the Lines e 3 y, and m 3 v. On the Point /, with 
the Radius F 12, deſcribe the Semi-circle 0 12 p. On the Points e and , with 
the Radius o, deſcribe the Arches o v and py; and on the Point 3, with 
the Radius 3, deſcribe the Arch v 1 y, which will complete the Out- line of 
the Egg. Secondly, Draw the Line 4% through the Point 7, on the Line g P, 
and divide the diſtance between the Points 3 and 4, on the Line 9 P, into 2 
equal parts, and draw the Lines dz, and /w. On the Points 4 and J, with 
the Radius 4 , deſcribe the Arches & & and 56 w; and on the middle Point, 


between 3 and * on the Line 9 P, deſcribe the Arch aw z. Thirdly, draw 
0 


cg. through the Point 8; make c 8, and 8 g, each equal to 3 parts. From the 
Points c and g, draw the Lines g x and c A; through the middle Point, be- 
tween the Points 4 and 5, on the Line ah On the Points c and g, with the 
Radius ci, deſcribe the Arches i A and 1 x; alſo on the middle Point be- 
twen 4 and 5, aforeſaid, deicribe the Arch x PA. Feurthly, through the 
Point 2, on the Line 9 P, draw the Line 2 7 5; as alſo draw the Lines 7 B, 


a ſtopping at ; alſo 12 B, and 2 , then one half part of a Dart will be com- 


leted ; and in the ſame manner complete the other half, and all others. 


| Now from hence 'tis plain, that to ſet out the diſtances of Eggs and Darts, 


you muſt firſt divide the — of the Ovolo, into q equal parts. Secondly, 
et that diſtance . along your Moulding, and then 


Lines being drawn from thoſe Points, ſquare to the top and bottom of the O- 
| | volo, 


t at.” 5 a ai 


an 


i 
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volo, every other Line will be the central Line of an Egg, and the others of 
the Darts, which {divide as aforeſaid. Eggs in Ovolo's, are oftentimes en- 


riched with Leaves, Husks, &c. inſtead of Darts, as between NO P, Plate 


XVI. 
IV. The ſeveral Mouldings for Pannels _ 2 Frames, Plate XVII, are thus 
8 % aw . | 

I. Of Mouldings for Pannels, Fig. I. divide the Height in 3 parts; give two 

thirds of the upper 1, to A the Regula ; the remaining 3d part, and the middle 

great — to B, the Cima reverſa; half the lower part, to C the Aſtragal: 

and the remaining half part, divided in 3 parts, give 2 to E the Cavetto, and 

1 to D its Fillet. | | ; : 
Tu diſtances of the central Lines ah, c d, ef, &c. of the Leaves, Sc. is 

equal to the Height of the Cima B. Secondly, Fig. IT. Divide the Height into 

4 parts, give the upper 1 to A the Regula; the next 2 to B the Cima recta ; 


and the lower 1 dividedin 3 parts, give the upper 1 to C the Fillet, and the 
lower 2 to D the Cavetto. Divide & 4 in 5 parts, and ſet off the central 
Lines of the Leaves, as ac, &c. each at the diſtance of 7 parts. Thirdly, 


Fig. IV. Divide the Height into 8 parts; give the upper 1 to A the Regula, 
two thirds of the next 1 to B the Cavetto ; the next 2 parts, with the remains 
of the 4th part, to C the Cima reverſa, and the lower part divided in 3 parts, 
give 1 to the Fillet E, and 2 to the Aſtragal D. The diſtance of the central 
Lines of the Leaves, c. bd, ae, cf, 22 is equal to the Height of tne Cima 
reverſa. PFourthly, Fig. V. Divide the Height in 5 parts, give the upper 1 to 
the Regula, the next r1 to the Ovolo, 1 third of the next to its Fillet, the remain- 
ing 2 thirds, and the next 1 to the Cavetto ; and laſtly, the lower 1 divided in 


3. give the upper 2 to the Aſtragal, and the lower 1 to the Fillet. Divide 


a d in 9 parts, and make the diſtance of @ b, bc, Sc. equal to 7 of thoſe 
parts, as aforeſaid. Fifthly, Fig. VI. Divide the Height into 3 equal parts, 
and the upper 1 into 3; give the upper 2 parts to the Regula A, and the re- 
mainer, with the middle great part, to the Ovolo B. The lower great part 
divided in 2 parts, give the upper 1 part to the Aſtragal C, and the lower 
part being divided in 4 parts, give the lower 3 parts to the Cavetto D, and 
the other 1 part to its Fillet. The diſtances of the central Lines of the 
Eggs, Cc. are to be found as aforeſaid. . 
IT. Of Mouldings for Picture Frames. | 
FixsT, Fig. III. Divide the Height in 4 parts; the upper 1 divided in 3, 
ive 1 to the Regula A, and 2 to the Cima reverſa B. Divide the upper 
Falf of the next part, into 2 equal parts; give the lower part to the Cavetto E, 
and the upper part being divided into 3 parts, give the upper 2 to the Aſtra- - 
gal C, and the lower 1 to the Fillet D. Divide the lower 4th part into 3 equal 
parts, and the lower 1 part into 3 parts; give the lower 2 parts to the Cavetto K, 


and the upper 1 to the Fillet I, Divide the upper zd part, into 2 parts; give 


the upper 1 to the Fillet G, and the remains to the Aſtragal H. Divide 64 
into 5 parts, and make the diſtance of the central Lines of the Leaves, as a c, 
&c. equal to 6 of thoſe parts, the central Line of the Roſes to the Vitruvian 
Scroll in the Freeze F, is directly in the midſt of the Freeze, and the diſtance 


of the Centers of each Roſe, as ef, is equal to the Height of the Freeze. 


SeconDpLy, Fig. VII. Divide the Height into 3 equal parts, and each part 
into 4 equal parts; give the upper 1- part to the 8 A, the next 2 parts to 
the Ovolo B, and the next 1 to the Fillet C and Cavetto D. Give the 
middle great part, and 1 fourth of the lower great part, to E the Frecze. Give 
the next — part of the lower great part to the — F, and Fillet G; and 
thenſthe remains x, being divided in 4 parts, on z deſcribe the Quadrant yx, and then 
making c 6, equal to y x, deſcribe the Curves y a, and @ b, which with the Qua- 


drant y x, forms that Moulding which Workmen call the Veſſb Ogee. The 


manner of deſcribing the Guilechi in the Freeze, is plain to Inſpection, as alſo 


THIRDLY, 


is the diſtances of the Eggs, in B the Ovolo, and Leaves in H the Vel Ogce. 


{ 


- 
| nn by Figures on the right-hand fide. The Projection of the Ruſticks, 
e 
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TaxrzDLy, Fig. VIII. Divide the Height in 3 parts, and each part into 4 


| parts, as before ; give the upper 1 part to the Regula A, the next 2d part, 
0 


and 1 third of the third part, to the Ovolo B, the ſecond third part to the Fil- 
let C, and the remains of the upper 1 great part, to the Cavetto D. The 
middle great part, is the Height of: the Freeze E. The lower great part, being 
divided in 4 equal parts, give the upper 1 to the Cavetto F, and Fillet G ; 
the next 1 to the Aſtra H. The remaining 2 parts, divided into 8 — 


give 1 to the Fillet I, 5 to the Cima recta K, and the lower 2 to the Fillet. 


To theſe Examples, many more might be added, but as I muſt not ſwell the 


work to a much greater Bulk and Price than is propoſed ; and as he that is 
Matter of theſe, will be able to invent others without end, I ſhall therefore 


proceed to, | 


js | LECT. XVII. Wes” bps 
| Of the Manner of ruſticating the —_ of Columns and Pilafters, Plate 
| LV | 


Tae Orders ufually ruſticated, are the 7 uſcan, Doric, and Tonic. 
2 To ruſticate the Tuſcan Column, Fig. A and B. | 
D IVIDE the Height of the Column in 7 equal parts, and give 1 part 
| to each Ruſtick, whoſe Projections may be made equal to the Projection 
of the Cincture as in Fig. A, or equal to the Projection of the Plinth, as in Fig. 
B, and which in both Caſes may be made diminiſhing with the Column, or 
upright, as expreſſed by the dotted Lines; but this laſt has a very heavy 


- 


Appearance, and ſeems contrary to reaſon, by over-charging the ſmalleſt part 


ot the Shaft with the greateſt Ruſtics. 
To ruſticate the Doric Column, Fig. C and D. | 

Divrpt the Height of the Column into 8 equal parts; give 2 to each Ruf- 
tick, as 55 and 4d, and the ſame to the Intervals c c. The Projections of 
theſe Ruſticks are determined as thoſe of the Tu/ean. a 2 

To ruſticate the Tonic Column, Fig. E and F. | 

Drvips the Height into 9 equal parts, give 1 to each Ruſtick, and to 

each Interval, and determine their Projectures, as in the Tuſcan and Doric. 
. To ruſticate Tuſcan Pilaſters, Fig. G and H. 

PrLASTERS are ruſticated in two different manners, viz. either champher'd, 

as Fig. G, or Rabbited, as Hg. H. | 
Do ruſticate a Tuſcan Pilafter, with champher'd Ruſticls, as Fig. G. 

Drvivpe the Height of the Column into 7 equal parts, and any one of the 
parts, as + yp into 8 equal parts, give 6 parts to the Height of the Face of 
each Ruftick, and 1 to each of its Champhers. The Projection x y of the Ruſ- 
ticks, before the upright of the Pilaſter, is equal to 1 part. | 

To ruſlicate a Tuſcan Pilaſter, with Rabbet Ryfticks, as Fig. H. 

Drvrpe the Height into 7 equal parts, as before, and one part into 12 parts, 
1 at ac. Make the Height of each Rabbet, equal to two parts, and then the 

_ of the Face of each Ruſtick, will be 10 parts; or if every 2 parts be 

idered as 1 part, then each Rabbet will be 1, and each Ruſtick will be 5, as 


ore the upright of the Pilaſter, may be made equal to the Projection of the 
Cincture, or to the Height of a Rabbet ; but this laſt is rather too great, for 
then the Ruſticks will have a very heavy Appearance. | 


Es LECT. XVIII. X 3 
Of Black Cornices and Ruftick Quoins. Fig. II. III, IV, V, VI, and VIE. 
| Plate XLVII. | | 
; IVIDE as, Fig. II. the given Height into 9 equal parts, and give the 
lowelt 1 to the Height of the Plinth. Divide the upper 8 parts, into 14 


| Parts; give the upper 2 to the Height of the Cornice. and the lower 12 to the 


12 Ruft icks. Divide the Height of each Ruſtick, into 4 parts, give 3 _ the 
| | ace 


lower 4 0 


and Cornice, and the remainder is the Height of t 
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Face of each Ruſtick, and 5 of 1 part to each Champher. Divide 6 x, the 


Height of the Cornice into 4 equal parts, and give to each Member, as 
— expreſs. The Projection of the Cas is equal to 2 parts and ge 
the Cornice's Height. The Length of the ſtretching Ruſticks are equal to 3 
rts, and of the heading Ruſticks to 2 parts of the Cornice's Height, ſet back 
rom the upright of the Quoin. Fig. III. IV. V. VI. and are V — Ex- 
amples, whoſe parts are proportioned in the fame manner as their ſeveral Divi- 


fions and Numbers expreſs. 


LECTURE XIX. Fig. I. IT. II. IV. v. VI. Plate XLVI. 
Of the manner of proportioning the principal Parts of Doors, Windows and Niche. 
1 2 1 Doors to any given Height, Fig. IV. V. and VI. 
irft, Divide the given Height in Fig. IV. and VI. into 5 equal parts 
the upper 1 __ is the — of the Architrave, Freeze, and Cornice, and the 
f the Door. Make g 4, in Fig. IV. and 74, in Fig. VI, each equal to 
2 parts for the Breadth of the Openings, and ; part thereof is the Breath of the 


_ Architraves xg, and 4 x. 


Secondly, Fig. V. Divide the Height in 4 equal parts, and the upper 1 part 
into 4 parts, then the upper 3 parts is the __ of the Architrave, Freeze, 
e Door, whoſe Breadth is equal 

to 1 great part and a half, and its Architrave to + of the Breadth. The Breadth 
of the open Pilaſters & x, againſt which Truſſes are fixed 25 at &, to ſupport the 
Cornice, is equal to 5 of the Breadth of the Architrave. Divide the lower 4th 
part, of the upper great part, into 2 equal parts, and that gives the Depth from 
the Cornice, at which the foot of the Truſs is to be placed. The proper Truſs for 


the ſupport of theſe kinds of Cornices, is exhibited in Fig. I. Plate XIV. and 


is thus Deſcribed. | | 

To deſcribe a ſpiral Truſs, for the Support of Cornices over Doors, Windows 

| OE and Niches. : | 
Divide A-B the given Height, (including the Height of the Architrave, Freeze 
and Cornice) into 15 equal parts, give the upper 4 to the Height of the Cor- 
nice, and the lower 11 to the Height of the 'I'ruſs, Let the Line M = repreſent 
the Upright of the Face of the open Pilaſter, againſt which the Truſs is fixed. 
Draw We parallel to M x, at the diſtance of two parts and 4; alſo draw B z 
the Baſe Line at right Angles to M z. From the Points 8, 4 and 2 in the Line 
AB, draw the Lines 8 g, 4 G and 2 E, parallel to B z, and of Length towards 
the right hand at pleaſure : Theſe Lines laſt drawn determine the Heights of the 
reater and leſſer Spirals or Scrolls. Divide a c, the under-part of the Cornice, 
into 8 equal parts, and ag into 7 equal parts ; alſo divide G E into 7 equal parts, 
and make Gy and E 8 equal to 8 of thoſe parts; this being done, proceed, in 
every reſpect, to deſcribe the two Spirals, as you did thole in the Corinthian Mo- 


dilion, Fig. V. Pros. IX. Leer. VIII. hereof. 


Fig. II. is the Front view of this Truſs, whoſe Breadth H I 13 equal to BF, 


wiz. to 1 part and 3 of the parts in AB, and which being divided into 8 equal 


parts, is Ceſcribed in every particular the ſame as 4, M zopl, in Fig. III. the 
ace or Front of the Corinthian Modilion. | 

| | To divide the Heights of the Members in the Cornice. 

The Height being divided before in 4 equal Lyon divide the lower 2 parts in- 
to 4 equal parts, give the firſt 1 part to the Height of the Cavetto V, the next 
2 parts to the Fillet T, the Dentule 8, and Fillet R, and the 4th, or upper 14s | 
to the Ovolo Q. The zd great part is the Height of the Corona P, and the 
next and laſt part is the Height of the Fillet O, the Cima recta N, and Regula 


M. The Project'on of the Cornice WX is equal to its Height We. 


To divide the Dentules. | 
Divipe x x the Height of the Denticule into 6 parts, and make the Length 
of a Dentule equal to 5 parts, Make the Breadth of a Dentule and an _—_— 
BE: U FRE £qua 
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equal to the Height of a Dentule, which divide into 3 parts, give 2 to a Dentule 

and 1 to the Interval. | ” 

II. To proportion Windows and Niches to any given Height, Fig. I. II. and III. 

3 Plate XLVI ü | 

Divip the given Height into 5 equal parts, the lower 1 part is the Height 
of the Pedeſtal, whoſe parts are to be divided according to the Pedeſtal of any 
Order required: The remaining 4 parts being divided into 5 equal parts, the 
upper one part is the Height of the Entablature, and their Breadchs, if for Win- 
dows, into 2 parts. The Breadths of their Architraves, as u, Fig. III. is e- 
qual to + of the Opening, and of their Pilaſters, to 4 of the Architrave, as 
likewiſe are the Margins op and gr, Fig. II. when made into. Niches. The pro- 
per Entablatures for to be placed over Doors, Windows and Niches are exhibited 
y Figures ABC DE F and G, Plate XLVII. But as ſometimes the Quoins and 
Heads of Windows are ruſticated. I have therefore in Plate XLV. given five Rx- 
amples thereof, with the diviſions of their parts, which explains them to the 
meaneſt Capacity. | | | 


LECTURE XIX. 
Of PEDIMENTS. 


Ep1MenTs are employed either for Ornament and Uſe, or for Ornament on- 
ly. Pediments for Ornament and Uſe, are thoſe which are made on the 
Outſides of Buildings, and which muſt be entire, that thereby the Buildings un- 
derneath may be wholly protected from the Injuries of Rains. Entire Pediments 
are made in three different Manners, viz. 1ſt, Streight, as Fig. II. Plate XLIII. 
which Workmen call a 3g eng 2dly, Circular, as Fe. I. Plate XLIII. 
And, 3dly, Compounded of three Arches, as Fig. II. Plate XLIX. | 
The manner of finding the Height of the Fa/tigium, or Pitch of a raking and 
circular Pediment, being already taught in POB. I. LECT. V. hereof, I 
ſhall therefore proceed to ſhew ; | | | 
How to deſcribe a compound Pediment, as Fig. II. Plate XLIX. 
A Compound Pediment has the ſame Pitch, as a raking Pediment, therefore to 
deſcribe a Pediment of this kind, draw the raking 1 of a Pitched Pediment 
as BA, and A C, biſect BA, in 5. and AC, in d. alſo biſect A 4, in c, and 
thereon erect the Perpendicular c F, cutting the Central Line A F, in F. Biſect 
BI in a, and 4 C, in e, on the points @ and e, erect the Perpendiculars a E, and 
e D, which will cut the Perpendiculars C D and BE in the points E and D. On 
the points ED and F, with the radius E B, deſcribe the Arches Bb, & A d, and 
4 C, and concentrick thereto, at the reſpective Heights of the ſeveral Members 
of the Pediment, deſcribe the whole as required. | | | 
PEDIMENTS for Ornament, are thoſe which are imperfect, and are vulgarly 
called Broken or Pediments, as Fig. I. II. III. Plate XLVIII. and Fig. I. 
and III. Plate XL IX. Theſe ſort of Pediments ſhould never be uſed without 
Baildings becauſe being open in the middle, they let in the Rains on the Cornice, 
in the | manner as if no Pediment was there. It is therefore, that theſe 
kinds of Pediments muſt be uſed within Doors for Ornament only, and whoſe 
opening is erally made, for the reception of a Buſto, Shield, Shell, &c. 
Now ſeeing that to make an open Pediment without Doors is. abſurd, to make 
an entire Pediment within Doors, where no Rains come, muſt be abſurd alſo. 
In the Tuſcan Order, the Length of the Raking Cornice as A G, Plate 
XLVIII. being divided into 5 equal parts as at 1, 2, 3, 4 ; the Length of the 
' Regula 1 G, is equal to the 4 lower parts. Ihe ſame is alſo to be obſerved in a 
circular open Pediment as Fig. I. Plate XLIX. But in a Dorick Pediment, the 
Length of the raking Cornice is to be regulated by the Mutules, for as the raking 
Mutules as H I, in the Pediment, muſt be directly over AB, in the level Cor- 
nice, therefore the diſtance 75, the Projection of the Cornice beyond the upright 
of the level Mutule K, being ſet from 4 to ö, and the Line 6 20 being drawn, it 
| f " Cuts 


F 
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cuts the raking Line a, in 9, making 39, the Length of the raking Cornice 

Tu Length of the raking Cornice of an Ionick Pediment, is determined by 
placing a Modilion in profile againſt a raking Modilion, as H againit G, equa! in 


ion, to f 5, the level Modilion in Profile, and making 5, 1 ; the projection 
f the raking Cornice beyond the upright of 1, 13, the upright of the rakin 


Modilion in profile, equal to the projection of the level Cornice beyond the leve 


Modilion in Profile. 
Tus laſt raking Modilion in the Pediment, is always at Pleaſure, according as 


the Breadth of the opening of the Pediment is required; and therefore it might 


have been either that over E or F, inſtead of at G over A. 

Note, The ſame is alſo to be underſtood of Pediments of the Corinthian and 
Compoſite Orders. | | | 
| PeprIMENTs are ſometimes finiſhed with Scrolls as Fig. III. Plate XLIX. 
which are thus deſcribed. Let A BC, be the extent and pitch of a raking Pe- 
diment. Biſe& BA, and AC, in 6 and g, find the Centers H DG, in the 
ſame manner as you found the Centers EF D, in Fig. Il. Draw the Lines 5 D, 
and g D, and on the points H and G, deſcribe the ſeveral Members on each ſide 


as was done in Fig. II. 


Divipe 6 A, into 8 equal parts. From the zd part draw the Line CD, and 
on the Center D, deſcribe the Arch 6c, and Members concentrick thereto ; 
make ce, equal to 3 parts and 3 of þ A. Divide ve, into 8 equal parts, and on 
the 5th. part from c, deſcribe a Circle, as the Eye of a Volute or Spiral, and there- 
in find the Centers as before taught, on which turn about the two Cima's, and 
finiſh the Eye with a Roſe, &c. at pleaſure. | 

Note, Sometimes the Cima Recta, is left ont of the Scroll, and the Cima re- 
verſa with the Corona only, are turned about to form the Scroll, which has a 
very good effect; and then in ſuch a Caſe the Cima recta is ſtopt, and returned 
as in an open Pediment. 


LECTURE xxl. 
Of truſſed Partitions. 
HEN Partitions have ſolid Bearings throughout their whole extent, they 
have no need to be truſſed; but when they can be ſupported, but in 


ſome particular places, then they require to be truſſed in ſuch a manner that the 
whole weight ſhall reſt perpendicularly upon the places appointed for their Sup- 


port, and no where elſe. As Partitions are made of different Heights, to carry 
one, two, or more Floors, as the kinds of Buildings require, there'ore in Plate L. 
I have given fix Examples, of which Fig. IT. V. and VI. are of 1 otory in weight, 


and Fig. III. IV. and VII. of two Stories. ; : ' 
Tae firſt things, to be confidered in works of this kind, is the weight that is 


to be ſupported ; the goodneſs and kind of Timber, that is to be imployed ; and 


and proper Scantlings neceſſary for that 3 | x 

THe ſtrength of Timber in general, is always in proportion to the quantity 
of ſolid matter it contains. The quantity of ſolid matter in Timber is always 
more or leſs, as the Timber is more or leſs heavy ; hence it is, that all heavy 
Woods, as Oah, Box, Mohoganey, Lignum vitæ, c. are ſtronger than Elder, 
Deal, Sycamore, Sc. which are lighter, or (rather) leſs heavy, and indeed, for 


the ſame reaſon, Iron is not ſo ſtrong as Steel, which is heavier than Iron; and 


Steel is not ſo ſtrong as Braſs or Copper, which are both heavier than Steel. To 
prove this, make two equal Cubes of any two kinds of Timber ſuppoſe the one 
of Firr, the other of Oak, weigh them ſingly, and note their reſpective weights, 
this done prepare two pieces of the ſame Timbers, of equal Lengths ſuppoſe 


each 5 feet in Length, and let each be tryed up as nearly ſquare as can be, but 


to ſuch Scantlings, that the Weight of a piece of Oak, may be to the Weight 


of the piece of Firr, as the Cube of Oak is to the Cube of Fir; then thoſe two 
| U 2 Pieces 


Ay. 
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their middles with encreaſed equal 


Pieces being laid horizontally: hollow with equal bearings, and bei  Loided im 
12. Weights, it — * 


will be ſeen, that they will bend 


or ſagg equally, which is a Demonſtration, that their Strengths are to each 
as 5 


other, as the * of ſolid matter contained in them. * 
As the whole Weight on Partitiohs, is een principal Poſts, their 


Scantlings muſt be firſt conſidered; and which done in two different 


manners, viz. Firſt, when the Quarters, commonly called Staad, are to be fill- 


ed with Brick-work, and rendered thereon; and laſtly, when to be lathed 
and plaiſtered on both ſides. . 4 | 
Wuen the Quarters are to be filled between with Brick-work, the thickneſs of 
the principal Poſts ſhould be as much leſs than the breadth of a Brick, as twice 
the thicknefs of a Lath ; ſo that when thoſe Poſts are lathed to hold on the 
rendering, the Laths on both ſides may be fluſh with the Surfaces of the Brick- 
work ; and to give theſe Poſts a ſufficient Strength, their Breadth muſt be en- 
' creaſed ar diſcretion ; but when the Quarters are to be laſhed on both ſides, or 
when Wainſcotting is to be placed againſt the Partitioning, then the thickneſs 
of the Poſts, may be made greater at pleaſure, The uſual — for princi- 
1 Poſts of Firr, of 8 Feet in vs is 4 or 5 Inches Square; of 10 Feet 


* 


in * 5 or 6 Inches ſquare ; of 12 Feet in Height, 6 or T, Inches ſquare z 


of 14 Feet in Height, 7 or 8 Inches ſquare ; of 16 Feet in Height, from g to 
10 Inches ſquare. But theſe laſt, in my Opinion, are full large, where no 
very great Weight is to be ported. As Oak is much ſtronger than Firr, 


the Scantling of Oak Poſts, need not be ſo large as thoſe of Firr; and there- 


fore the Scantlings aſſigned by Mr, Francis Price, in his Treatiſe of Carpentry, 
are abſurd ; as being much larger than thoſe that he has aſſigned for Firr Poſts 
10 find the juſt Scantling of oaken Poſts, that ſhall haye the ſame Strength 
of any given Firr Poſts, this is the Ru L x. 57 5 

As the Weight of a Cube of Firr, is to to the Weight of a Cube of Oak of 
the ſame Magnitude, ſo is the Area of the ſquare end of any Firr Poſt, to the 
Area of the end of an oaken Poſt ; and whoſe ſquare Root is equal to the fide 
of the oaken Poſt required. - - | | 5 

Tur diſtances of principal Poſts, is generally about 10 Feet, and of the Quar- 
teis about 14 Inches, but when they are to be lathed on both ſides, the di- 
ſtances of the Quarters ſhould be ſuch, as will be agreeable to the Lengths 
of the Laths, otherwiſe there will be a very great waſt in the Laths. e 
thickneſs of ground Plates and Raiſings, are generally from 2 Inches and half 
to 4 Inches, and are ſcarfed together, as expreſſed in Fig. I. KL MNOP NR. 

Ix the ſeveral Examples aſoreſaid, the principal Poſts have their Inter- ties 
and Braces, framed into them, as expreſſed in Figures FB G HCD Ak E, 
whoſe reſpective Places the ſeveral Letters in each refer to. 


LECT. XXII. 

| __ Of naked Flooring. | 

18 5 H E principal things to be obſerved in — Flooring, is firſt the Diſpo- 

ſition of Girders, or manner of placing them in the moſt ſecure and ad- 

vantagious manner. Secondly, their Scantlings, and laſtly, the manner of truſſing 
them, when their Lengths require it. 

Tua are ſome Carpenters, who infiſt that Girders ſhould be laid on ſtrong 
Lentils over Windows, and who alledge that Girders, being laid on Lentils in 
Piers, the Piers are endangered at the decay of thoſe Lentils. Others inſiſt, 
that *tis beſt to lay Girders in Piers, as being the moſt ſolid Bearings, and 
that if ſound oaken Lentils are laid under them, they will endure as long as 
the Brick-work will remain ſound. 

In Buildings, whoſe Piers are narrow at the renewing of Lentils, the Piers 
will be endangered in both theſe Caſes ; for Lentils laid over Windows, muſt 
be laid into the Piers, on both ſides of a Window, and which, when taken 
out, will make large Fractures, that will be very little leſs dangerous than — 
; , other, 
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other, and therefore I ſhall ſubmit this Point to the diſcretion of the Work- 


man. | E 

Lzurirs laid in Piers between Windows, for the ſupport of Girders, ſhould 
have their * equal to the Breadths of the Piers: and thoſe laid in Party- 
Walls, or Gable-ends of mana, + ſhould be equal in length to the diſtance that 
is contained between every two Girders. The thickneſs of Lentils, ſhould al- 
ways be equal unto the Height of 2or 3 Courſes of Bricks, and their Breadth 
unto a Brick's Length; ſo that in every oSthoſe particulars, they may be con- 
formable to the Brick-work in which they are placed, and to that which is 
raiſed on them. And for the better diſpoſing of the Weight impoſed on 
Girders, - Lentils ſhould always be firmly beded, on a ſufficient number of ſhore 
pieces of Oak, laid a-croſs the Walls, vulgarly called Templets, which are of 
excellent uſe. | ; 

Lr Girders be laid in Piers, or in Lentils over Windows, it will, in both 
theſe Caſes, be commendable to turn ſmall Arches over their Ends, that in caſe 
their ends are firſt decayed, they may be renewed at pleaſure, without diſturb- 
ing _—_—_— of the Brick-work ; and for their Preſervation, anoint their Ends 
with ted Pitch and Greaſe, wiz. of Pitch 4, of Greaſe 1; and indeed, were 
Lentils to be covered with Pitch and Greaſe alſo, it would contribute very 
greatly to their Duration. 

Ir is always to be obſerved, that the ſhorteſt Girders bend down, or ſagg. 
as Workmen term it, the leaſt, and therefore tis always beſt to lay Girders over 
the narrow parts of Rooms, and whoſe Ends ſhould always have each, at leaſt 
14 Inches bearing in the Walls, excepting in ſmall Buildings, where the Front, 
S.. Walls are but a Brick and half in thickneſs, when to prevent the Ends of 
1 from being ſeen without ſide, their Bearings cannot much exceed 
11 Inches. | 
Ix is alſo to be obſerved, that Girders be ſo diſpoſed of, that the Boards of 
every Floor, be parallel throughout the whole Floor; for 'tis as diſagreeable to 
the Eye, to ſee the Joints of Boards in the ſame Floor, lie different ways, as tis 
to ſee Steps out of one Room into another, which ſhould always be avoided. 

In the ung tex the ſeveral Walls of Buildings, it ſhould be carefully ob- 
ferved, tolay in na Timbers on Templets, as aforeſaid, at every 6 or 7 Feet 
in Height, cogged down, and braced together with diagonal Pieces at every 
Angle, which will bind the whole together, in the moſt ſubſtantial manner, 

prevent Fractures by unequal Settlement. 

Tas diſtances of Girders, ſhould never exceed 12 Feet, and their Scantlings 
muſt be proportioned according to their Lengths ; as by Experience tis known, 
that a Scantling of 11 Inches, by 8 Inches, is ſufficient for a Firr Girder of 19 
Feet in length, the Area of whoſe end is 88 Inches, it is very eaſy to find the 

roper Scantling for a Girder of any greater length, ſuppoſe 20 Feet, by this 
Bu e: As 10 Feet, the length of the firſt Girder, is to 88, the Area of its 
ny ſo is 20 Feet, the length of the ſecond Girder, to 176, the Area of its 
end. 

Now, to find its Scantlings, that being multiplied into each other, ſhall pro- 
duce 176 Inches, the Area found, one of them muſt be given, viz. either the 
Depth, or the Thickneſs. In this Example, the given Depth ſhall be 12 Inches; 
therefore divide 176 by 12, and the Quotient is 14 Inches and 2 thirds, which 

is the other Scantling or Breadth required. 

To prevent the Jin of ſhort Girders, tis uſual to cut them Camber, that 
is, to cut them with an Angle in the midſt of their Lengths, ſo that their 
Middles ſhall riſe above the — of their ends, as many half Inches, as the 


Girder contains times 10 Feet. And indeed, Girders of the greateſt Lengths, 
although truſſed, ſhould be cut Camber in the ſame manner. | 
Ix Plate LII. I have given three different Examples for the truſſing of Gir- 
ders; and in Plate LIII. Figure I. a fourth, which being in general plain to 
Inſpection, I therefore ſubmit the Choice to the Diſcretion of the weng 
ST | HE 
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T Tal, Irigng Falſh nd Cty Fa Fel 
o0ifts, Binding-Toifls, Trimming-Teifls, Bridoing-Foifti, ieling- Foifts. 
—— are uſed in ordinary wette — St ns ter are 
ly made as follows, wiz. Joifts of 6 Feet in length, to be 6 and half by 
2 and half; of g Feet, 6and half by 2 and half; of 12 Feet 8, by z and half. 
in large Buildings, the Scantlings are nas or, where tis common to 

Joiſts of 6 Feet, 5 3; of 9 Feet, 7 and h fby 3 ; of 12 Feet, 10 by 3. 
| As Oak is much heavier than Firr, tis cuſtomary to make the Scantlings of 
Oak-Joiſts, larger than - thoſe of Firr, but I believe it to be entirely wrong, 
for the reaſon before given, relating to the ſtrength of Timber. Secondly, 

Binding-Foifts are generally made half as thick again as 1 1 of 1 
ſame Lengths, which are repreſented in Fig, V, and VI, Plate LI, by s mgp, 
Oc. and which are framed fluſh with the under Surfaces of Girders, for to re- 
ceive the Cieling-Joiſts, and about three or four Inches - below their Sur- 
faces, for to receive the Brid ing Joilh 3 ſo that the upper Surfaces of the Bridging- 
oiſts, may be exactly fluſh or level with the Girder to receive the Boarding. 
n Fig. IV, Plate LI, A repreſents the Section of a Girder; 5 b, Cc. parts of 
two Binding-Joifts, tenon'd into the Girder; aa, &c. the ends of Bridging - 

Joiſts ; ee boarding on the Bridgings ; 4 d, Ce. Mortiſes in the 923 

to receive the Tenons of ciclag eis; as alſo are the Mortiſes 6c, 
But theſe laſt are thoſe which are called Pulley Mortiſes, into which the Ciel- 
ing-Joifts are ſlid. To underſtand this more plainly, the F 9 Ff ff are add- 
, J i ** RE ine: Joie 

| 22 Ane. Toi 
and 5 5 5 Cieling-Joiſts, tenon'd in the Binding-Joiſts, fluſh with their Bottoms, 
as aforeſaid, to receive the Lath and Plaifter. diſtance that Binding-Joifts 


and conſequently a ter tity of Timber muſt be employed. But how- 
A porter is e Crrpagtce, I Wl ra gd, tha 
the Scantlings for Bridgings of Firr, having 6 Feet Beari ſhould 4 by 


3 are repreſented ſingly, without the Bridging-Joiſts ; and in Fig. V. the 
ri 


LECT. MIII. 
| Of Roofs and their Coverings. | 998 

EFORE we can proceed herein, a Plan of the Building to be covered, 
muſt be made, by which we may acquire a juſt Knowledge of the Dimen- 
tions of every part that will be contained in the whole defign, before any part 
of the real work be began; and by which we ſhall alſo be taught, how to 
perform every Operation at once in the leaſt time, and to account for, or eſti- 

mate the quantity of Timber that will be employed. 
 SuePosE am rs, Fig. II, Plate LIT. be the Plan of a ar Building to be covered, 
which. is 50 Feet by 25 Feet in the Clear within ; firſt, make a Parallelogram 
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7 a Scale of equal parts, whoſe ſhall be 50 of thoſe parts, and Breadth 
7 = parts; which will repreſent the Irkde of the Building. Secondly, without the 
0 gde and ends of this Parall draw right Lines parallel thereto, at the di- 
by ſtance of the Breadth of the ng, fap ſe 1 Foot, equal to 1 part of the 
*A Scale. Thirdly, as the diſtance at which are laid, ſhould not exceed 10 
ke Feet, on account of the Lengths of Cieling-Joiſts which are framed in between 
3. them z therefore divide the of the Plan, with as many Beams as are ne- 
of ceſſary, as at Points 1 4%, and fn: and draw the central Lines of 
” the Beams 6 7, i , 4x, and /y; as likewiſe the central Lines of the Plan 1 
1 10, and & uv, and the Baſes : ps a 2, r 2, and 8 ., 85. Fourthly, 
eb conſider the Height of the Pitch, which let be equal to 6, 5 ; then the Lines c 4, 
f e 3 
' and 5 x, are th rr n 
. Angle or Mold for Feet, and the Angle 65 4, for their Cops. On the 
1 Points 2 and 8, erect the P 2,33 2, 41 and 8, 7 8, 9. Draw the 
. c 2-5, © the Ang 
57 for all Tops, and which, with the * 1 of the principal rs being 
; meaſured on your Scale of equal parts, will give you their true Lengths in 
1. Feet and parts of Feet. This being done, make your raiſing equal to the 
yy Magnitude of the Building, and brace its Angles, as 1, &c. which will be a 
el very great ſtrengthening do them. Divide out the Diſtances of the Beams, and-+ 
1d. them. down on the Raiſings, as at 4e, which is a ſecure Method to tie 
the the Building t . Set out the Mortiſes for the -Cieling- Joiſts in the Beame, 
iſt, ſo that the Surfaces of the Joiſts, may be fluſh with the under Surfaces 
_s of the Beams, ayd obſerve, that the diſtances of the Cieling-Joiſts, be agree- 
ifts able to the uſual gy, > of Laths, that no . waſte be made thereby in the 
4. Lathing. The like Caution ſhould alſo be taken in the diſtance of Rafters, 
be for very often the N is injured very greatly in the waſte of his Laths. 
| Warn the — and — * of the Principal and Hip Rafters, are thus 
Ky diſcovered by the Plan, we maſt then conſider the proper Scantlings for them, 


* and forthe on which they ſtand. When Beams exceed 20 Feet extent, 
'tis always beſt to truſs them up in one or more places, as their Lengths 
may require. Beams ſhould never exceed 15 Feet in their Bearings, nor Rafters 
more 10 Feet, and a oe in Roots of very low Pitch, whoſe cover- 
ing has a much greater Preſſure on their Rafters, than thoſe of higher Pitches, 
and which may therefore in ſome caſes, exceed 10 Feet. The Height or Pitch 
of a Roof, ſhould be agreeable to the Building it covers, and to the kind of 
Materials it is to be covered with. | 
Tas kinds of covering in England, are four, wiz. Lead, Pantyles, Plain 
Tyles, and Slates. Firſt, Coverings of Lead, are of all others, the mott beautiful; 
but the Expence being the greateſt, it is therefore never uſed, but for to cover 
magnificent Buildings. The Heights of Roofs, covered with Lead, is at plez- 
ſure, but now tis generally uſed for Roofs that are very low, and which is 
hs commonly 2 ninths of the Buildings Breadths, which is called Pediment Pitch. 
: Secondly, Coverings of Pantyles, may be alſo uſed to low Roofs, but the general 
Pitch.is 3 Eighths of the Building's Breadth. Thirdly, Coverings of plain Tyles 
and Slates, have generally the higheſt Pitch, on account, that when they are | 
laid on low Roofs, the driving Rains will enter between them. The Pitch al- 4 
lowed for theſe kinds of Coverings, is that, whoſe Rafter's length, is equal to 3 ' Bf 


* fourths of the Building's Breadth, and which is called true pitch. 

Kg To form the Truffles for principal -Rafters, we muſt divide the Length of 

t the Raſter into ſome number of equal parts, each to contain about 10 Feet ; 91 

5 and at thoſe parts, place ſuch Collar- Beams, Prick-Poſts, and Struts, as Fi 

TY are ſufficient to ſupport them. In Plate LIII. are 15 Deſigns for the truling * 41. 
of principal Rafters, whoſe Beams extend 15, 30, 45, 60, and 75 Feet. — 

ed, | Whoſe ſeveral Pitches are made agreeable to the aforeſaid Coverings. Fig. Q and 2 

am, R, are Extents 15 Feet each, the firſt for Lead, the laſt for — which 4 | 

by a ; - N require | 
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require no help from Collar- Beams, &c. but Fig. T. of the ſame extent, being 
higher, and conſequently has longer Rafters, muſt be help'd by a Collar- Beam 
placed between them, and for the ſame reaſon. Fig. K. whoſe Beams extends 
30 Feet muſt have two Collar-Beams, whilſt Fig. C and D, of the ſame Extent, 
whoſe Pitch's are lower, and Rafters are ſhorter, will each do with one Collar- 


be too great, which ſhould never exceed 15 Feet at the moſt, the Weight of the 
Rafters and their Coverings muſt be ſupported by Prick Poſts and Struts, framed 
into King Poſts, by means of which, the Beams will be truſſed up ſecure, and the 
whole Weight 3 ſuſtained. For this Purpoſe all the remaining Examples 
in this Plate, and thoſe in Plate LIV. are given, which being in general conſpicu- 
ous, requires very little more Explanation. 80 | 
In Plate LIV. the Figure E, exhibits the manner of framing the Foot of a 
Principal Rafter into the end of a Beam, where à is a part of the Raſter, ff, a 
part of the Beam and ca, the Tenon of the Rafter's foot in its Mortiſe. The Fig. 
C, exhibits the _ part of a King Poſt, with its Joggle 44, into which ee, 
the — parts of two principal Rafters are Framed, whoſe Shoulders 55, muſt 
be made truely ſquare to the Joggle. The Fig. B. exhibits the manner of framin 
the lower parts of Struts, as he, into the Joggle of a King Poſt, as at a6 4, 
whoſe Shoulders, ſhould alſo be ſquare to che Joggle, or as nearly ſquare as poſ- 
fiblez »#, is an Iron Strap, to bind the Beam g g, unto the King Poſt B, whi 
is bolted through the King Poſt at 11. ; 2 ; 
As the common Method of framing the Truſſes of principal Rafters of large 
Roofs, is to lay the whole Weight of the Beam and covering, upon their feet, 
they therefore ſhould be ſecured at the Beam, with Iron Straps to prevent their 
fly ing out, in caſe that their Tenons ſhould fail. According to this method all the 
Truffes in Plate LIII. are made; but as I apprehended this Method was capable 
of Improvement, I therefore conſidered, that if under the lower parts of princi- 
pal Rafters, there be diſcharging Struts framed into the Ream and Prick Poſts, as 
ab, ef, Fig. A, Plate LIV. they will diſcharge the principal Rafters from the 
greateſt of the whole Weight. | | | - 446 | 
Tus Traſs, Fig. F. hath its Struts turned, the contrary way to all the pre- 
ceeding, and the whole Weight is taken off the Raſters, by the diſcharging 
Struts c, and 5, for the whole Weight that hangs on the King poſt, is ſui- 
rained by the Struts a4, and 6 ,, which are ſuſtained by the Prick Poſts c d, and 
, which are ſuſtained by the diſcharging Struts ce, and 5 g. In the ſame man- 
ner the Weights of the Truſſes Fig. G, M, R, P, S, and T. are diſcharged by their 
diſcharging Struts, which are ſhaded to diſtinguiſh them 'from the others. The 
Truſſes HLN, are for Buildings that have ' arched Ceilings, which are tyed in, 
by their hammer Beams Ii, in Fig. H. e, and fi, in Fig. L. and. di, and 4 g. 
in Fig. N. which muſt be made very ſecure by Straps and Bolts, as at 4 and c, 
in Fig. H. The Truſſes G and I, admit of Garrets. But the top of Fig. I. 
which is called a Trunk Roof, muſt be covered with Lead. The TrufſesO Q R 
and 8, are Truſſes for M Roofs; thoſe of O R and 8, are wholly ſupported by 
their King Poſts, and Struts, but that of Q muſt have its Gutter at a, ſup- 
ported either with a Party Wall, or truſſed Partition, as Fig. K. whoſe princi- 
pal Poſts are @ a, &c. the Gutter Plate 44, &c. and Struts cc, The T Fig. 
D. as alſo Fig. B. Plate LV. are for the Roofs of Churches, which ate ſup- 
poſed to be ſupported within fide by Columns at 5 and c. 
Tax next and laſt kind of Roofing whoſe Timbers are ſtreight, is that of ſpires 
on the Towers of Country Churches, as Fig. G. Plate LVI. Ihe Height or 
Pitch of Spires, is from 4 to 5 of the Towers Diameter on which they ſtand. 
And as the ſeveral Hips have an equal Inclination, they do therefore truſs up 
each other. The Baſe of a Spire, is generally an Octagon, whoſe manner of 


bolted 


on the Heads of eight principal Poſis, 


Tower, 


Warn the Extent of Beams are ſuch, that the Lengths of Collar-Beams will 


TTTCWCV%VWTWTWWWWTVTVVTTTTTVWVTVVVT— 


framing is exhibited by Fig. A. which if made of — 1 . o 4 
- Ga in the. 


en Latthern,” 


and yw. The ſeveral Ribs, or principal truſſed Rafters, m 
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er, will ſtand unto the end of Time, could the Materials endure ſo long. 
Ira Eximple, Fx. C. has ite Spire placed on an Ogee Roof 1 
frame together s By. N. which-is repreſented at large, and whoſe Baſe g B, is 
framed er d Fig. D. The third Example Fig. H, whoſs Spire; i-placed 
- is 2 REECE than the preceeding, and ther 

| 7 . 13 0 | to'ſhe ; n F * .* the I ＋ and F e R. 
G e th Lantherm 17 38 re Na H 18 ofa en 
A a brief Explanation of . theſe ſeveral Sorts of Truſfſes 
for ſtreight Naſters it will be — — to ſay ſomething of the Scantling of 
Beams and'Rafters before 1 proceed any further. „ M3 An 4 6 4 9345 01 


1 , 


3 I. Of the Scantlings fir Poa 
ax: v5: © e Her. 8 rar 5 2 
1 [72 L514 "IU & Foo 30 53 k : £5 5 
. If the Length 45; Scantlings Li 
«72'S of a Beam bo N be 77 : 
Ih oc Fir be 475 re: 20 Wen 
II. O principal Rafters nk 
F : 2 a Feet. £14% a A 1+: 1 1 
If the Rafter \ 36 | Its Scantli 7 

be of Firr 48 at Top : 
and its Length be . 
ot III. Of forall Rafters. ; 
If the Length of Scantli 
the Rafter be ſhould be 8 


* f * 12 15 3 5 
Ci eur ax Roofs are the next that come under our Conſideration, which are 
Ef, Cylindrical as Fig. A. Plate LV. — Spherical as Fig. G, and N. 
2 1 as Hg. D, which two are 0 called Domes. 
— 5. rumpet'” mouth'd, as Fig, CA. Fiu, Bell ' Roofs, as Fig. IX. 
ruh, Bottle or Ogee Roofs, as Fig:M. And Lofty, Compound Roofs, as 
Fig.'C and L. And as by Inſpection tis plain, that theſe Roots in general haye 
their Truſſes formed by the ſame Principles as the preceeding, I need only add, 
that Fig. F. is the Plan of a Spheroidical Dome whoſe ſeveral Trufſes are con- 
netted together at their Tops, by the Horizontal Braces, a 6 c d, on which the Lan- 
g. H, is à half Plan of the ſpherical Roof or Dome, Fig. G. whoſe Pur- 


loyns cf d, and eh f i l, are repreſented by the concentrick Semicircles 5 3 4 8, 


and 6 r 2 7, and the Baſe of each Truſs by the Central Sy Wy rx, x, tay 
diminiſh as their 
Baſes 2 7, x5, Cc. and may either be framed into a Horizontal Cirb at Top as 


20 * K ay, or connected as in Fe. F. on which the Lanthern F. may 
F 


Now as by the 1 end „ we haye tm ht how to find the Lengths of our 
ſeveral Rafters, _ ive thei their 2 and to ſupport them and 
their Beams, in ſuch a manner as the nature of the Work fhall require, I ſhall 


now proceed to ſhew | 


| How to lay out Roofs in Ledgement, Fig. IV. Plate LVII. | 
To lay out a Roof in Ledgement is no more than to lay out the Skirts and Ends; 
but thereby is taught, how to find the-Lengths and Angles of every particu- 
lar part, and conſequently, the quantity of the whole. 142 
| x 


EXAMPLE 


w 9223 
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$741 * * 9008 ; 3 
Le oF wry Fig. IV. GS * of a Nigg to to 
12 Rook, wherein. e L 6 h 0 Þe dnt Penones ox and o 
* Fick; 73 A 
74 $9.76, 
Nel he bh 
D de, and a — 4 (og 
— EE 5 5 | 
| Wz , IM., y W Ang Þ Xx, EY 
* W . A Ai | 
ub ag & 
che Purloyne, as 8, 9, 6, 5. 7, &c. at diſ- 
 cretion, e Fn to place 4 two + diredly corates, whoſe two 
Mortiſes would weaken 5 8 very 3 laftly, 1 — principal 
Rafters draw in the ſmall and then en e of ar- 
r 
mate ty of ill be em therein (r i 
the mentors e Scant ELIE afor Fe may be made. 
VI. the _ . A agle „h in . therefore 
Angle at Þ is he Bevel of the Feet of the principal 2 8 


ae is the Bevet of their — 
W. Lee. To 


he. Angl sSrin 

of the Hip 8 is the Bevel of 
. by exhibits a Joint made by a Purloyn, and a 

* the Purlo 12, tr meaſure of whoſe An 7x Arch 1 


Rafiers truf'd up, on whoſe 
placed a Cupais, 4 „, ig 4. 
LA e the Angles of the Jack-Rafters againſt the Hips, 
to 1 
As Jack-Rafigrs are parallel 5 ne ade therefore al their Angles againſt 
th ic fans, ©. be Side of a Hig-Refter. 
0” 1 71 a 
Tk are two A 8 ar . 
8 | on ite Sides ben the Ends of the former. The Angle on 
— made by the upper NL _ 
_ Which is that, that every ſack-· Raſter makes Hip- Raſter in the 
ment, as every of the Angles between g and 4. Therefore, from your drawing 
in Ledgement, ſeti your Bevel 6 oe of tho Angle, and the ger Jeet beer 
rl Car'to-thoiy roſpeliixe ths, at their upper Ends on their upper Surfaces, 
apply — Bow, and deſcribe the upper Angles. This done, — the Mold 8, 
ncipal Li, and apply it againſt the Sides of each 
K > Ends of the 3 their upper Su „ and by its upper 
a, aw pos the Rafe, and that Our ll Fee through e Lines on 


eacl 


8 
Fo. 


a g, with 5 —— wichen Yide. 

= ok eee 2514 rm 
5 * , 

the Valleys, AC, DA the — 75 — Height of the Pitch, and er 2 

Pair of principal Rafters, vf and : His — By che laſt Example, lay 


out the Ends / ei t. and a BI g. alſo the kirts « befandg A IA; continue g if 

toc, 41 to d. abtoc, and fe to d, and becauſe the lengths of the Valleys are 

equal to the lengths of the Hips, thereſore make H c, 14, bc and d e, each 8 
| q 


* 


* 


#8 6.4K 


9 


Fe 


zs PRES 
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a1 20/onef the Hi as I 4 and draw the Lines cu and e: This being done, 
'-. 8 Arber in all the — and ſmall-Rafters — and, rhe the whale 


et 
0 Wk D K 
This thind-Examp is of an irregular & Roof, hoſe Bads are hi 
whols aſe Plan is 5 wherein 2, 50, 1, 1 n, ah or are it, and 


ed as re 


| 100, p 6, 3 r 9, 34 and: are the Valleys, 
"avg a nd 1 Hat; 347 and 5.7. 8:arc two Pair of principal Raf- 
"ters, , rare the Buſes of | | r, 1 2, and'1 3, e and'z f are the 

- Baſes: of the Hi , T 4s" 1 xis the Baſe of the of che Flip. Ruſter a 16, 


iculars , 1 CNET.» 6 a 
t of thePitch, and draw-theLanes 1 2; & and 9 
af thaſe two Hi Rafters. . Is cho ſawe manner, on I A 9 
8 the fame eight, and draw the other Hip- Ti = 
y | the firſt nple lay out the whole in 6 and fit op Ds 
ts and Ends Fg, wa bj pan] pri and all Aer, 
lors. If che drawing he made 6n u. g ad ihe hats be rast b 
may, by bendin "he Drarg oe ithe= Lines:of the Wares 
ld op the whole, and tf * form: 5 real Model of n 


r 3 Plats LVIII. | 
| aple h of an irregular Roof, whoſe ſeveral W — 
; 8 03 dre the OE” 


5 *# & %# 


2 apy fy 
erpendi a 


5 3 to. the 125 hts. of the Pitch, and — * 2 — , wes — 2 5. 
| (oy re the oy of" th ſeveral 4 Raſters; mike /& and xg, the INT 
the Scalenum gle * e alſo 88 equal to t 
and 46, which ill complete 


75 Sa SDSS equlo 2; 2 e 
to 


whole 
1 e ique ral he Raiſings, d deren all the Nr Rafters 
| gut be 9 which is thus perform d. 
© Lerdc, F E, repreſent en. that is at the Foot of the 
Dag BY or V'64. alſo let CE repreſent a the Beam 11e ; and the 
lower part of the Rafter de; and make che Age DE be equal to the Angle 
dec. 

From the point y in Fig. E, erect the icular y x ; then the Foot of the 
Rafter being made equal to the Angle DEC on the left hand Side, ſet off the 
diſtance = x, and from the Point x ike a Chalk-Line up the Side of the Rafter 

: 91 to its upper Edge, and then a Fletch being cut off from y the right hand 
| le to the Chalk-Line aforeſaid, the Rafter will be backed, as required.” 
u the ſame manner the other Rafters f 4, 11, mo, Cc. muſt be backed. 28 
| a by che rh ks H L and Q. So the Angles DE C and E DC, in Fir 
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R. being equal to the Angles der and aur, He, are the Molds Aon: the T 
r —— nod e Mole of the etl 
of the ſeveral Hip-Rafters in Figures TVC, RNS, DCE-and-PNQ whoſe 


Angles are equal to the ; of che Feet and Tops of thoſe Hip- Rafters 
/ — they and placed. | next and laſt Work UP nat yore 
— is deme-by: this Rule. 


Tus ou any part of the E ble Line of + Hh — Refer, an thes int 10 in ag 
22 wp, =2 th dogg caring che Octane th Bok 
the: points g b . point 10 dip 
Maſter , 2s 16; e ta 10, 0, and draw the Linen g 2 and 
28, thas the Ae is dne + ny Whats. — 
ofen, 4 ber * 18 
2 'EBCTURE'XXIP.- + 7 OR 
11 Of tht Manner of defribing alt Brackets aud ne ee 6%. 
8 Brackets are used very frequently in Buildings, 1 ſhall re, ſh 
r Ae ec ae, 43 


con A 1 7 which the 1.— W 0 . 
. F a- 
diſtance of the Projection . ront Bracket; and draw 4 the Baſe of the Frunt 
Bracket, and F + the Baſe of the Angle Bracket ; divide 7 c into any Number of 

equal parte, as at the points 6, 5, 4, 3, 1, and draw the Ordinates 6, 8; 5, L 
4» 104 3» 3 Se divide / into t . 

"1 vided, Which will he done þ ; of until they meet 

e the points 6, 8, 4, 3% * . the Se 4» 134 24.123 
Nn e 5.1 on the Line 
2 through the poin pointy 13, 12, 11, 4, :9, 8 J i the Quarter of aj Bl 

plus, kick bs is the Curve of the Angle Bracket req aired. 

28 Br the ſaws Rule, all other Kinds of Angle Brackets may be deſcribed, and 
.» winch is ye 8 3 
. A. 1. A III. IV. 16 VIII. IX. which. exhibits all the Varie ies of 

—— — r ht and obtuſe Angles, and wherein the Front Brack in 

* OD pee yt ee 2 and ven 1 1 AV * 


— 
N it. A, to be. the Baſe,” over w NEL ipal 
TIL and let ae be the Baſe of a Hi 8 8 Divide 295 
qual parts, and draw the Ordinates ** £ 3s 33. 25 on the Line 424; divide 


R 2 po the Line a e, draw the Ordinates l, 
23 3, 43 5 63 ec. and ſrom the 65 through 2 2, 4, 6 8, 
Je. trace the Curve of the m_ the poin þ, required In the ſame manner, 


in 'Fig. IL. the rincipal Rafter. c 4 being given, the Hip- ſer. Fs js Jagpd 
— are the Hip-Rafters Je in e OM the Prin: 
ee Rafters being og i ee | 4 


Ne 


arr POLIO: e ERS LECTURE XV. 8 4 
i den i e Of the Formation of the Heads of Niches. 
Flcnss, quaſe Nidi, or Neſts, of old Concha, were a Kind of Sha or 
: mall Tribunals, and are ſo called by the Italians to \this Day, wherein 
_ - dratues are placed, to protect them from the I juries of Weather. The Heads of 
Mikes are made i in 4 different "Ways, as, 75 , with Bricks fſecondh, with Stone; 


fra, 


Of ARCHITECTURE us 


lit Deal, &c. and, /af, with divers eſſes of Plank x vpn, one a- 


Bd ain; ao os, 2 3 ape ny af ok wh 
are the very ſame as thoſe which are covered with Ge Deal, and. — 2 | 


Niche; Fig. VII. Plate 
RY 4 LX. 


rt, and Lining allo, if requ | 


f . — f S be the Plan of — Head of a Semi circular Niche, and complete 
at pleaſure. Make fr, and fs each equal to 1 fourth of « f; then ; will 


1 Fe 


equa 

-to #6, and g equal to 4 7. 
12 3 9, 10, c. Biſect the 
ins, i 8 in 2, 39 in 4, 5 10 in 6, 711 in 8, Nn n 13 in 12, and 


343 and ſo in like manner, 1 5, and 5 6, to half the Arch 5, 6, &c. From 


- the. Curyes. e+ 
the Niche Nl „ 44 | 
- Note, If the Niche be to be lined, then the Diameter of the Circle, being 


- 3s the 2 for 1 eigh 
As ſo 
| their Coyering alfo, and which is of uſe in the covering of Polygonal 
Roofs, as thoſe of Banqueting-Houſes,. Turrets, Qc. 
Luar Fig. L. Plate LVI, be a Plan given, whoſe. principal Rib or Rafter is 
e, and 5. Make the length of A/, equal to the curved length of c 4, 
and draw the Lines f a and 4g. Draw. the. Ordinates to the principal Rib 
: : 4, on IS _ = 2 8 1 42. 3: 7 * Line 
j. equal to the ſeveral parts of the Principal c d, as they are ivi y the 
* Ordinates, making 1 to the firſt part from 4; wy to the ſecond 
part, 2, 3, equal to the third, He. Divide 4 a in the ſame proportion as @ 4, 
the points 1, 2, 3, &c. through which draw right Lines, parallel to gh, to 
terminate at the Lines g 4 and + a; alſo through the points 1 2 3, in the Line 
1½ draw right Lines at pleaſure, and parallel to gh. Then making the Lines 


or 1, 73 2, 83 3, 93 Cc. on the Line 7, to the Lines 1,7; 2, 8; 3,93 
ein ' &c, on the Line 4a ; and from F, through the Points 13, 12, 11, Cc. to , 
of trace the Curve f b. In the ſame manner trace the Curve fg. Then the piece 
e; 7E being bended up, and laid on the two Hips that ſtand over the Lines ga 


#5 


8 0% 110 of n 
and 1 wilt be e Har 6, v. meet ane 83: re- 


den Tha. Ga to the two Ogee Roofs „ and N, and the Cavetto 


* Roof I. Ly aunt manner, 48. is evident to Iaſpection. 


ils > A To make th Head of a Semi beaded 9 
0 e | I 


Ter z 1 2 Ee 


— to af, NE Ret dari at y and to whe ont e cit 

4, as in Fig.” FX.” 7 k will — * the front gn nd phe epi 
done, ſet out the fe of the other (Ribs, ag at RA. — 
XI,” and Uraw' eto whe 5.2} and N. * Thirdly, I the Lines: g's, 
ha, 1a, and Ea, be dh conſidered 4h Semi- tranſverſe Diameters of ſo. ma- 
ny Ellipfs's, whoſe 1 Semi-conjugate- Diameters, are eth Ato the 
| Di %. then one half part af every ug Semi. El- 
che * —_—— Intermediate! Ribs, chat are to 
5 at 4E it, 6 — Pong as at 

covered ot lid, "bythe 2 


will be comple 
. lane! Mie, ni be beck .. 


Planks, c. gl u tic eee, Fig: XEV. Plate L 
n de tbe Face of rh” Niche, « erided on « Wall r bt Pain- 
nel, e. Di its 1 &; u parte, as 
to the Thichcneſt of your Plan 1 75 N 


right Lines parallet w r On che Rage of your N and de- 
ly a Square to 


ſcribe a Semi- eirele thereon, to the Plan of your Niche ; a 
the Center, aud draw a Line o the Ege to the other: fide, - to find the oppoſite 
Center, whereon, with a Radius - 6 4 6. deſcribe another Semi- circle; 
then with a turning Say, cut through fram 1 Semi. eirele 3 and then 
K Secondly, on the Edpe- ber — enge zece of 
le, fix a Center, and thereon: hoy mo and Ap- 
Ply a Square to the Center, and find the- [Center | * 


quar 
ith the A the of the Line that paſſes through the next 
he tg of 4nd wich a/ragaing Saw; cut through 


dm di Sant cel to the o 3 then — ſecond Thickneſs' made. 
Froceed in like manner, A al de icleneſſes, obſerving to make 
Semi · circle of eyery or pee to the ee e of the noxt 


che under Semi 
laſt, and which bein glewed together, when che . , Clear off th 
Ie — 8 Plane, whoſe Curye © bedr quicker 


Inſide, with a ci ſmoothin 
than the Curve of the Niche. 
IV. "To make u Semi- eiſiptira / headed Niche, with the thicknef . Bears 
Planks, &c. glewed wpon"one- another,” Ng. XV. Plate L 
. 1 5 repreſent the Semi-elli «Niche required. Divide its <A 
2435, into equal parts man 22 22 XIII, equal to 4 e, Fig. 


an e and £4, at right les, and to à 5, the Height 

the Niche, Ng. XV. and on c 2 —— 4 3, hich Fs x — 
dle Depth of the Niche. Divide a c, Fig. XII, and 4 6, Fg. XIII, (which 
are each equal to 3a, the Height of the Niche, Fig. XV.) into the. fame num- 
ber of equal and from thoſe parts draw Lines parallel to c 4, and 
6c; then will e Paratiels i in Fig. XIII, de Semi- tranſverſe Diameters, and the 


Parallels in Fig. XII, will be Semi conjagate Diameters of the ſeveral Ellipſes, 
which are to be deſcribed. on the ul r and under Surfaces of the ſeveral 


thickneſſes of Planks, Ec. in the very manner as the Semi- circles in the 
preceeding Example, and which * lewed together in like manner, will 
. Semi-lliprica headed Niche, 4s required. TT 
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which is very 


have always ſwell'd 


nons, that every Mortiſe and Tenon, 
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as is evident by the ſeveral Defi en Plat LXI, and LXII. 
5 Fig. IV, is an Aperture 


dert 3 that of Fig. I. to 45 Feet; and that of Ng. V, to 60 Feet. The 
. is a Section of the ſeveral Profiles. whoſe e x F 
| the theſe ſeveral D Td 


2 
© 


Fig. 
Deſi 


2 
| F. 
1. 
5 
2 
4 


ſo that — oints in 
| ereby ; hen the 
vi length of Piles above the Bed of the 
exceed, when driven, 25 or 30 Feet, then Super-Piles muſt be 
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hould not be leſs than. one Foot in Diameter, at the middle of 
The R. n Plan, with the Baſe of two 
4 and, whoſe diſtances in the | 
iſts which the Floor of the Bridge are laid. 
with Iron, that they may the better penetrate through 


FE 

Hah 
: 
5 
: 
3 
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1 
85 
; 
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7 
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FE 


of the Framing: that i to come on them, and 
on | 


the Truth; otherwiſe the Piles cannot be driven with 
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by the neceſſary. of Piles, and the Quotient will be 

each Pile is to ſuppor being driven until it re- 

reater than the Weight it is to ren it may be de 
Settlement by the 


there cannot be any Weight it is to ſuſ- 


Tus Scantlings for the Beams of Truſſes, ſhould be about 12 Inches by g 
Inches, as alſo be the ſeveral King Poſts. But the Struts and-Joiſts need 
not exceed 9 by, 6 Inches, and the Plank on the Joiſts; being made 3. Inches in 
thickneſs, will be ſufficient. Before the Timbers are worked, (which is ſup- 
e to be of the beſt, Oak) tis beſt to cut them out to their 8 = 


: 
= 


** A 


them in a running Water for a Month at the leaſt, to ſoak. out 
ire, and then dry them thoroughly over a Saw-duſt Heat, 


Oe. before e e If this be carefully done, and the Work kep 


Hey: en working, and being truly framed, chere will 'be no ſagging in the 


Work, as uſually. happens by the ſhrinking of the Timbers, when they are not 
chus ſhrinked before working; nay I have experienced, that Timbers ſo prepared, 

afterwards, and made the Joints much cloſer than when 
It js alſo. adviſeable, for the better preſerving of the Te- 
be well covered over with a good bod 
of White-lead, and boiled Linſeed Oil, which will endure a long time, and will 


firſt put together. 


not permit any Rains to enter the Mortiſes, to the prejudice of the Tenons. 
The ends of Joiſts ſhould alſo be covered with brown Paper, dipp'd in Pitch, 

and ſheet Lead laid over the Paper. i ogy hang 

* the Plank and Joiſts, the Plank ought to be covered with a ſtrong Clay firm- 
ly ramm'd down, unto about 9 Inches in Depth, on which the Road of Gra- 
vel and Pavement, or Gravel only, of a ſufficient thickneſs, is to be laid, with 
a riſing in the middle, to diſcharge haſty Rains to the fides, as exhibited by 


And for the more 


B, in Fig. I. Plate LXII. | ; 4 
In ͤ Plate LXII. are two obey Deters nn oe 100 e opening, _ 
made for the Bridge at Weſtminſter ; but believing t ntereſt was pre- 
— RE. to cy . — ed to trouble the Honourable CR 
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are ſup ta 


carry the 
. Stratums of Earth, into which they are to be driven. Beſore 


to 
which. is thus to be performed, vix. Divide the total Weight 
| : be 
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160 * AR CHITECTU RF. 
| goners therewith, as I have now the Publick, in hopes that they may be of ome. 
help to Invention, if nor wondy of being f. pic it ratice, over Rivers, where 


_ ings rer 
Ok Fig is of prodigious Stren gh, = beings 85 25 
ET eee that not the 
eee ee * 
H. I. is a Section of the breadth of the Wehen. 
ſents he fred Trofls, 1 Spar of if of the the 94 F Horny, 
repreſents t e -ways, each 10 way, 
Feet in 1 As the er, . 3 d 4 6 e 1 &e. 1 wares | 
"To every cerning an in S ogos 
Tux Fig. V. . double Deſign; t Sew on the ide G, being dif- 
ferent from thoſe on the ſide H. Both theſe Defi immenſe 3 
aud u. the whole i laid on Stone or Brick Piers, which riſe a > above the Rowing © the 
SINE TAs, a Bridge of this kind will-be 'of very 2G often As there 
Is difficulty toy by Fans for Stone Piers, Rivers that are affected 
Tides, and as in wood „ ra Ne gr fond Decay fo. wee 
Piles” that are affefled by the rikng and falling Waters of che Tides there 
. both theſe In uch Piers may be thus erected, vir. Con- 
ſider the Weight of a Pier, — the Weight that An Piet is to carry. > Af 
Fen the place in the River. where the Pier is to ſtand : : bote the Ground for 
15 or 20 Feet in Depth, that a Judgment may be formed, hew long the Piles 
muſt be. = done, drive a 1. of bong, ny tail'd «ent, .2 ben 1 


9 of fle forn ee At. about the en- 
compaſſed Earth on h the Pier is to your bog ithin the Likiits encloſed, 


drive as many Piles, as hall 'be thought ſufficient to carry the Weight, and 
Which ſhould be driven nearly all equally ; that is, firſt, to drive them all to ſuch a 

Depth, as to keep them upri Al eo in Heir places n 8 them ałl 
about 2 Feet lower, and then wer again; and ſo on, until each 
Pile be firmly driven, as — 'By this regular driving down all the 
Piles together, they will cauſe the e Earth into Which are driven, 


to be equally compreſſed, and of much greater Compactneſs than it was before, 


as being confined by the double Ranges of Piles firſt driven. ' When all the 
-Piles are thus 'driven, their Heads tbe ſawed level, at about 18 Inches be- 
low the Surface of the low Water; and to render them im iſhable, the whole 
muſt be filled up with ftrong Clay, let down in large Heure pieces, work - 
ed very ſtiff, and well ramm'd, Thich is a Work eaſy to be pare 
although the Depth of Water ſhould be 20 Feet, When this is done, pre- 
| a double Floor of Oak Timbers, free from Sap, each Floor about 180 
1 i in thickneſs, pin'd down one on the other, ſo that the upper Timbers lie 
at right Angles a- croſs the lower. Fix this Floor on the Piles, and thereon 'e-. 
rect the Stone Work, to any Height required. The next Work is to fill up the 
Space between the outer Range of Dove-tail'd Piles, and the next inner Piles, 'to 
preſerve the inner Range from being injured by the flux and reflux of the Tide ; 
and which being firmly performed, the whole Foundation will be rendered as 
* as were all the Piles driven into the very Bed of the River, as be- 
ing ſecured from the Actions of both Air and Water. The outward Range of 
Dove-tail'd Piles, are all that are liable to decay, and as their Office is no more 
than to ſupport the outward Caſe of Clay, which is there placed Poo reſerve the 
r. inner Range of Piles, they are cafily and ſoon repaired, as their Decays 


. The outer of Piles muſt be made of ſuch a * , as to riſe 
ſomething above the level of high Water ; and horizontal Beams ing mortiſed 
down on their Heads, with horizontal Ties laid through the thickneſs _ the 

| ier 
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Pier in ſmall Arches turned for that e, bei d down on the Beams» 
they will be a laſting Preſervative 2 is” hs, againſt all the In- 
ſalts of tempeſtuous Weather and Navigation that can happen. 

Note, If Depth of low Water be any thing conſiderable, it will be a very 
ſecure way to drive a Range of oblique Piles, juſt within the Limits of the up- 
righe Piles, as Braces, to ſteady the next within, from inclining either way by the 

eight of the Pier. I 4 

Te inſtead of Timber Truſſes, tis required to make Arches of Stone, a ſuf- 
ficient number of Piles muſt be added within every Pier, that with the others, 
will be capable to carry the additional Weight of the Arches. | 

Note aife, That Piers built with well-burne, Bricks, laid in Terrace, on a Baſe- 
ment of large Blocks of Stone, about 3 Feet in Height, will be much cheaper 
than being made entirely of Stone, and of longer Duration : for well-burnt 
Bricks do not decay ſo faſt as Portland Stone, which is very evident by St. 
PauPs Cathedral, w the Stone in many parts of the Sess-Ade, is already de- 
cayed more than the 10th part of an Inch. 


| LECTURE XXVII. 
3 Of Brick and Stone Arches to Windows, Doors, &c. 
I. Of freight, circular, elliptical, Gothick and rampant Arches in ffreigbt 
| alls, Plate LXIII. 

N this Plate is exhibited 13 Kinds of Arches, of which Fig. I. II. III. 
IV. V. VII. VIII. and IX. are Arches of Brick-work, and the others of 
ruſticated Stone. In Fig. I. and III. the diſtance of the Center, to which all the 
Joints have their Sommering, is equal to the Breadth of the Window ; but thoſe 
of Fig. II. and IV. is the Suns of a Geometrical Square, whoſe Side is equal 
to their breadth. Fig. V. is a ſemicircular Arch, whoſe Joints ſommer to its 
Center. Fig. VII. and IX. are ſemi-elliptical Arches, the firſt on the conjugate 
diameter, and the laſt on the tranſverſe diameter. The Courſes in Fig. VII. are 
divided on the inner Curve þ fm, and outer Curve ae n, into the ſame Number 
of equal-parts, as alſo is the right-hand Side of Fig. IX. whoſe left-hand Side 
has its Courſes Sommering to c and / the Centers of the Ellipfis. Fiz. VIII. is 

a Gothick Arch, whoſe Courſes have the ſame Sommerings as theſe of Fig. IX. 
In all theſe Caſes, the only Thing to be obſerved is, that the Number of 
Courſes into which each is divided be an odd Number, that thereby the middle 


Courſe may be ee, and that the breadth of each Courſe on the upper 


part of the Arch be ſomething leſs than the Thickneſs of a Brick, to allow for 
rubbing. The ruſticated Arches, Fig. VI. X. XI. and XII. have the ſame 
Sommerings as thoſe of Fig. V. VII. VIII. and IX. . 

To divide their Key-flones and Ruſfticks. 

Divine each half Arch into 9 onal parts, as in Fig, V. give 1 to half the 
Key-ſtone, the next 1 f to its Counter Key, and 2 to each Ruſtick and Interval, 
as the Figures expres. The like is alſo to be obſerved in all the other Arches. 

Tus Arch, Fiz. XIII. is a rampant Semicircle, whoſe Curvature may be de- 
ſcribed by Prob. XIX. Le#. IV. Parr II. or as following. Let V be the 
breadth, and 7g the height of the Ramp ; draw 4 h, and in the middle of 5 
erect the Perpendicular g a, of length at pleaſure; alſo draw the Line gr parallel 


to fb. From the point of Interſection made by the lines g V and V, ſet up 


half the breadth of the Opening to @, and draw the lines ag and ah. Biſect ga 
in , and a+ in o, and erect the Perpendiculars x andiop; then the point » is 
the Center of the Arch g, and 5 is the Center of the Arch 4%, which divide in- 
to Ruſticks, as in Ng. VI. Then the length of the Ruſticks muſt be equal to:! 
of the Opening, and of the Intervals to 3 of the Ruſtick, as exhibited by 4 /z, 

Fig. VI. | | 

it Of freight, circular and elliptical Arches in circular Walls, Plate LXIV. 
Tu firſt Work to be done is the making of the Centers to turn theſe Kinds 
of Arches upon, which may be thus Te Let GHIK be the Plan 4 a 
| circular 


— — — — 


Curve 4d, alſo make ab and oe each equal to the intended hei 


of a Scheme Arch, whoſe Front is Fig. I. And Fig. 
of a ſtreight Arch, which in general are performed - 


2 
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circular Building, and at Fig. VI. 'tis required to make a Center for a ſemicircu- 
lar Arch to the Window, whoſe diameter without is a d, and within 2. Biſe& 
ad in f, and deſcribe the Semicircle a p 4. Divide à d into any Number of e- 


| 25 parts at the points 642, Ce. and draw the Ordinates 6, 63 4, 43 2, 23 
Co Ord ina 


Divide um into the ſame Number of equal parts, and make the tes 
6, 5 4, 33 2, 1; Sc. equal to the Ordinates 6, 6; 4, 43 2, 2 Cc. and 
dd the oints 5 314, &c. trace the Curve z k n, then a pd and I will 
be the two Ribs for the Center: This being done, place the Ribs perpendicular 
over the Lines ad and u m, and cover them, as Centers uſually are, and then ap- 
plying the Edge of a Plamb-rule to the divers parts of the In-fide and Out- ſide of 
the Windows Bottom, the Top of the Rule wall give the ſeveral Points at which 
the In-fide and Out- ſide of the Covering is to be cut off, ſo as to ſtand exactly 
over the In-ſide and Out- ſide of the Building, and then will the Center will be 
completed as required. - os 3 | 
| To divide the Courſes in the Arch of this Window. | | 
On a flat Pannel, &c. draw a Line, as Je, Fig. VII. make 4 { o equal to the 
t of the Brick 
Arch. Make fp in Fig. VII. equal to ep in Fig. VI. alſo make ab and de in 
Fig. VI. each equal to & 4 in N;. VII. then the Points & and e will be the Ex- 
tremes of the Arch. Make pr in Fig. VII. equal to 6 4 the given Height of 
the Arch, and through the Points þ » e and @ po deſcribe two Semi-ellipſes, which 
divide into Courſes as before taught, aud which will be the Face of the Arch re- 


quired. 


To find the Angles or Bevels of the aq pc of each Courſe. 5 
Con ri xv the Splay-Backs of the Window n d and 2 à until they meet in F. 
On F, with the Radius F » and F a, deſcribe the Arches » v and @ f, making 
7y< equal to the Girt of the Arch » An. Make 16, #4, 2 2, ny, &c. on 
the Arch x» yw, _ to 16, 14, 22, ny, fc. on the Curve #4 m, and draw 
the Lines 6 F, 4 F, n Sc. make the Ordinates 6, 53 4, 33 2,13 yæ, 
c. on the Lines 6 F, 4F, &c, equal to the Ordinates 5, 6; 3, 43 1, 23 H; 
Se. on the Line m, and through the points 5, 3, 1, x, &c. trace the Curve 
< xn. In the ſame manner transfer the Ordinates 6 0.3 3, 41, 23 6/3, Ce. 
on the Line ad to the Arch Fa, as from 5 to 6, from 4 to 3, &c. and trace the 
Curve ca; then will the Figure n yws5ca be the Soffito of the Window laid 
out, and which being divided into the ſame Number of equal Parts, as the under 
Part of the Arch aps, Fig. VII. and Lines drawn to the Center F, as is done in 
Fig. II. to the Center A, by the Lines 2, 2, 2, Cc. thoſe Lines will give the 
Bevel of every Courſe in Soffito as required. Fig. V. is another Example of a 
ſemi-elliptical Arch, whoſe Front is Fig. IV. Alſo Fig. II. is a third Example 
Vill. is a fourth Example 
the aforeſaid Rule. 
To find the Curvature , 4 every 2 in Front. | 1 
Svrros the ruſticated ſemicircular-headed Window, Fig. IX. be ſtanding in 


the Side of a Cylinder, whoſe Sides are the Lines Q and PV, continue out 


the Sides of each Ruſtick until they cut the Sides of the Cylinder in the Points 


QRST and NOP, Sc. then the Lines QN, RO, QN, &c. will be tranſ- 


verſe diameters of ſo many Ellipſes, whoſe conjugate diameters are each equal to 
the diameter of the Cylinder, which deſcribe as in Fig. X. 'and draw their con- 
jugate diameters 4 /, in and no; make the diſtances o 5, #» 3, / 1 on each Ellipſie, 
equal to ag the Semidiameter of the Window, Fig. IX. alſo make the diſtances 
8 6, 34, 1 2, on each Ellipſis, equal to g 1o the Height of the ruſtick Arch; 
then the Segments of the ſeveral Ellipſes, 5,6; 3, 43 1, 2; at Z X A, will 


* 


be the Curves of the ſeveral Courſes as required. 8 
Fiz. III. repreſents the manner of 2 the Out- ſide of a Cone, the Arch 


ea being made equal to the Circumference of the Circle e, which is equal to the 


Baſe of the Cone: This Figure is exhibited here to ſhew, that the Soffito of a 


ſ-uncirculaz-leaced Window, waole Splay is continued all round, is no ory 
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than the lower Superficies of a Semi- cone: for if the Splay was continued in ever 
Part, it would meet in a Point, as the Lines 4 4 þ 2171 Hg. VIII. and — 
Semi-cone as aforeſaid. 33 

Tu ls is illuſtrated by Fig. V. Plate LXVII. where : v ao repreſents the Sec- 
tion of a Wall, in which is N a circular Window, as Fig. A, whoſe Splay is 
expreſe d by ac and e Now, if ca and 5 F be continued, they will meet in 3. 
on which, with the radius i c, deſcribe the Arch c/, alſo the Arch 3 . Make 
the — 2 of the Curve cd equal to the Circumference of 4, the outer Circle of 
the Splay, and draw the Line In; then the ſhaded Figure & being bent about and 
fix'd within the Splay, it will exactly fit every part thereof : But as the bending 
of Stuff of any conſiderable Thickneſs is impracticable, therefore divide the 
whole into parts, as at 1, 2, 3, # » 6, Cc. which glew, or otherwiſe fix to- 
gether, equal to the Curvature of the Window, at pleaſure. h 

Fig. XI. exhibits the ancient manner of making freight Arches of Stone, in 

places where no Abutments can be had, whoſe Vouſſoirs are joggled together, 
and their ſpreading prevented by Iron-Bars tooth'd into the Head of each, run in 
with Lead, as at ece, and c. 3 


LECTURE XxVIII. 
Of Centering to Arches and Groins, Plate LXIV. 


deſcribe the Curvatures of Groins is the chief Thing to be done in Works 
of this Kind, which is moſt eaſily performed, as follows. 
ES ExamyeLE I. Fig. A. 

LeT ace f be a ſquare Plan, whoſe Vault is to be interſected by two Concave 
i-cylinders. Deſcribe the Semicircle a þ c, which divide into Ordinates, as 1. 
2, 3, Cc. Draw the Diagonal ae, which divide into the ſame Number of Or- 
dinates, and make them equal to the Ordinates of the Semicircle, and through 
their Extremes trace the Semi- ellipſis a g e, which is the Curve of the Groin re- 
quired. In the ſame manner the Groin 4g e is found, whoſe interſecting Arches 
are 4 andi de; as alſo are the Groin Curves of Fig. Q S and B. The Fi- 
gures D and E are both ſingle ſemi-cylindrical Vaults, in whoſe Sides are ſmall in- 
terſecting Vaulti over the H of Windows or Doors, which are thus de- 
ſcrib'd, Fig. 3 as many Ordinates in the given Arch at one End as are 
neceſſary, as the Ordinates 1, 2, 3, 4. 5, which continue until they meet 4 e the 
Side of the Baſe of the ſmall Arch, and from thoſe points draw Lines perpendi - 
cular thereto, of length at pleaſure. On 47, the given breadth of the ſmall 
Arch, deſcribe the interſecting Curve of the ſmall Vault of any Kind, as requir- 
ed, as ahi; divide the Baſe of one Groin, as ei, into the ſame Number 
of equal parts as 4x, the 4 breadth, and ere&t Ordinates thereon, equal 
to the Ordinates on 4 x, and through their Extremes trace the Curve 7 f, 
which is the Curve of that Groin required. By the ſame rule all other 
Kinds of interſecting Arches may be found, altho' they cut the ftreight Vault an 
any oblique Angle inſtead of a right Angle, the Baſe of the ſhorter and of the 
longer Groin being divided into the ſame Number of equal parts, and the Or- 
dinates in each being made reſpectively equal. The other Examples at gx, in 

Fig. D, and at & g and rp, are given for a further Inſpection, to illuſtrate the 


Truth of this Rule. i 
nd the Lengths and Angle, of Boards for the Covering of Centers, Fig. N OP. 


To 
* - Jorg 5449, to be the Plan of a Vault, whoſe interſecting Arches are the 
Semi- circle bc d., and the Semi-Ellipſis 44+ /; continue bd, both ways and make 


it equal to the girt of the Semi-circle i cd, and from the Center i draw the Lines 
ia, and ig ; then the Triangle @ ig, is the covering for one end, and the board- 
ing being cut with Angles, equal to the Angles made by dotted parallel Lines, 
and the — 4 i, and ig, will be the Bevels; and their Lengths being taken from 


the Lines af, and i g, unto the Line ag, will be their * as required. 
Continue 4 m, both ways, and make en, equal to the Girt, of the 12s ea 
Y | nn, 
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d hm, and draw the Lines 7 e, and i then the Triangle : em is the Covering 
for one Side, whoſe Bevels and Lengths are to be found as before. 3 

Note. The Figures RT VX X, exhibit a Method for deſcribing the Ceiling 
of a Vault in Plano, as publiſhed in Mr. Price's Treatiſe of try, which 1s 
as follows. Firſt, ab cd, Fig. X. repreſents the Plan, Fig. Y and V, the two 
interſecting Arches. Draw the Baſes of the Groins agd, and eg, make the 
Length T equal to the Girt of Fig. V, including the two Piers a J, and , 
make the Length of the Parallelogram Fig. R, equal to the Girt of the Semi- 
Ellipſis / nn, alſo make its Breadt equal to the irt of the Semi-circle ie; 

draw / Ordi nates at pleaſure from the Ellipſis Fig. V. to divide the Semi · tranſverſe 
Diameter of the Plan 1g, in the points 12345678. Draw c4, in Fig. R. 
through the Center g, divide g f; in Fig. R. in the ſame proportion as half the 
Semi-Ellipſis In, and through the ſeveral Diviſions draw Ocdinates, equal to the 
circular Curves that ſtand over the dotted Lines included between the Lines 2 g, 
and gc, in Fig. X. and then Lines being traced through the extremes of thoſe 
| Ordinates, the Figure included by them and the Line 4i, will be the covering to 
the Part agc. But if the Lines gf, and g &, in Fig. R. be each divided in the 
ſame Proportion as the — 2 Diameter 1 f, in Fig. X. and right Lines 
be drawn through them, as Mr. Price in his Treatiſe of Carpentry directs, their 
Interſections will not form the covering for ag ec, in Fig. X. nor will the Paral- 
lelogram ae/1+, Fig. R. be the covering to the two interſecting Arches of Fig. 
X. as he miſtak wy has aſſerted. - 1 ä 5 

To deſcribe Curved Groins, Fig. K IF. Plate LXV. 

Lr 8 Plan. 7 
 _ConTinus ze and 3 4, until they meet in the point 1 in the Line / 
ZBiſect ac, and bd, and deſcribe the two Semi- circles agc, and 64d. Divide 

the Diameter of either Semi-circle as 5 4, into any Number of equal pure, ſup- 
 Poſeten; and draw the Ordinates 5, 4, 3, 2, 1, &c. on the point 1 in the Line ef; 
rom the ſeveral parts in the Diameter 5 d, deſcribe concentrick Arches to the 

Line ac, divide the Arch à 5 6, into the ſame number of equal parts, as the Di- 
ameter 6 4, is divided into, and from the Point 1 in the Line /, draw right 
Lines, which will interſe& the aforeſaid concentrick Arches, in the points through 
which the Curves cih, and à i d, the Baſes of the Groins muſt be traced. 

| Do deſeribe the inner and outer Ribbs. 

Draw a3, Fig. F. equal to the Girt of the outer Curve a 5 6, alſo ef, equal 
to the inner Curve ce d, and divide each into 10 equal parts, from which erect 
Ordinates equal to the reſpective Ordinates in the Semi- circle 544, and through 
their extremes trace Curves, which will complete both Ribs, being ſo bent or 
worked, as to ſtand on the Curves ag b, and c ed. + | 

To find the Curwatures yu Groins. X 

Marz the Baſe Line of Fig. H. equal to the Curve Line @ 1, alſo make the 
Baſe Line of Fig. W. equal to the Curve Line 7d. Divide each into f equal 
parts, and thereon raiſe Ordinates, equal to thoſe in the Quadrant 50 4, and 
through their Extremes, trace Curves, and which being bent or worked ſo as 
to ſtand on the Curves @ 7, and 74, they together will form the circular Groin 
id, and the other being found in the fame manner, will be the Groins as 
required. . 

g. C. exhibits the manner of framing Truſſed Ribs for the Centers of large 
Arches, Stone or Brick, whoſe parts are to be put together, as the Arch 1s 
raiſed on the Sides. The Struts 3 1, are 1 to be placed on upright Tim- 
bers at a and i, which at the taking down of the Center are to be taken . 
As in the ſpringing of the Arch there is very little Weight that bears on the 
Center, therefore the firſt Horizontal Beam 5%, muſt be placed at ſome conſi- 
derable Height above the ſpringing of the Arch; and the Struts, 3 20, are ſuf- 
ficient to carry its Weight. When the Arch is raiſed up to & and þ, then the 


ſecond Horizontal Beam cg, muſt be raiſed with its ſeveral Baſes, Struts and Dif- 


chargers j ze x ww, Which together will ſtrongly reſiſt the Weight on the wow 
| N 


too much 
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= 165 
for as the Braces, &c. on the one Side have their on the other Side, 


nothing can injure them ; when the Arch is brought up to cg, then the upper 
pare may be compleated. The Mortiſes in the ſeveral parts of this Truſs, muſt 
all Pully-Mortiſes, that when the Arch is key'din, each Tenon may be driven 


out of its Mortiſe, and every part taken down gradually at pleaſure, 


LECTURE XXIX. - 
Of Stair-Caſes. 


IT H regard to the great Varieties of Buildings I have in Plate LXVI. given 

12 different Debian for Stair-Caſes, from which the ingenious 9 — 

may form ſuch others as his occaſions may require. Fig. A, is a Triangular; 
C, and DE, are Circular; DI, and DK, are Elliptical; DL, Octangular: 
M. Semicircular; D F, a Trapezia ; D, a geometrical Square; DA, and DB, 
are Parallelograms, which in general may be made fit for any Nobleman's Palace. 
Berore a Stair-Caſe is made, we ſhould conſider, f, the Height of the 
Floor, to which we are to aſcend. Secondly, the Riſe, and number of Steps that 
are neceſſary for the Height. Thirdly, To divide the Number of Steps by ſuch 
half Spaces (or breathing Places) that are neceſſary for repoſing on the way, 
Fourthly, That the Space above the Head, commonly called Head-way, be ſpa- 
cious ; and Laſtly, that the Breadth of the Aſcent be proportionable to the whole 


Building, and ſufficient for the purpoſe intended; ſo as to avoid Encounters by 


Perſons aſcending and deſcending at the ſame time. The Height of Steps ſhould 


not be leſs than eri nor more than 7 Inches, except in ſuch Caſes where Ne- 


ceſſity obliges a higher Riſe. The Breadth of Steps ſhould not be leſs than 10 In- 
ches, nor more than 15 or 16, although ſome allow 18 Inches, which I think is 
The Light to a Stair-Caſe ſhould always be liberal, to avoid lips, falls, 


C. and which may proceed from the Sides, or from a Cupola or Sky light at the 


- * 


the Line , at ; ſet up the Height of the firſt Step, and draw it paral 


Top; as the Situation will beſt admit. Before this kind of work is began, tis 
to make a Plan, and to lay out the whole in Ledgement as follows. 
LeT , o, 9, 11, Fig. DG. Plate LXVI. be a given Plan. 
Maxx 4-, equal to the Breadth of the Aſcent, which may be made from 3 feet 
and 2, to 10 feet. Draw d6, ba, and am, parallel to the Bo ro of the Plan. 
Divide 4b, ba, and am, each into ſuch a Number of Steps, whoſe ſeveral 


Heights are equal to the whole Height to be aſcended; within the Parallelogram 


a b m d, draw the thickneſs of the Hand-rail. Add into one Sum the Heights of 
the ſeveral Steps, between b and 4, and at that diſtance, draw gr, parallel to 9s; 
draw the Hypothenuſal Line 5, and continue out the Plan of each ws to meet 

| el to 
until it meet the Baſe Line of the 2d Step, then ſet up the Height of the 2d Step, 
and draw it parallel to os ; proceed in like manner to ſet up the Heights of all the 


| 5 unto r: make op, equal to o 9, and draw 2 p, parallel to 7 9, at the 


p int 2, begin to ſet up the Steps unto the point 1, and draw v 1 parallel to 2 
Make tu, equal to 7 v, and draw w 8, parallel to 79; at g begin to ſet the 
Steps as aforeſaid unto i, then will i e be equal to the Height of the Story, and 
the ſeveral Figures 0qr 5, of Ir, twg i 7 9, will be the Sides of the Stair- 
Caſe laid out in Ledgement as required. | 

Tur Plan Fig. B. is in like manner repreſented by Fig. C. which may be 
conſidered as its Section, wherein In, is the Height to be aſcended ; g the firit 


Flight, ho the + Space; hi, the ſecond Flight ; in, the 4 Space; 4 the laſt 


F 1 whoſe landing, as Workmen term it is 14. 


ote, The Parallel dotted Lines between g h, andi h, repreſent Strings of Wood 


Which are caſed underneath, to „ as ſolid Steps. 


Tur Fig. 


repreſents the half Space of one Flight of Stairs; Fig. P. repre- 
ſents Fig. 


. with its Baniſters ; and 5 O. repretents Fig. P. completed with 


the Mouldings of its Hand-rail, Baſe, Oc. 
Tus next thing to be conſidered is the manner of placing the Newels to Stairs 
| | Tvr 
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and half Spaces. In Fig. E. Plate LXVT. the half Spaces are made fquite t6 
the Angle: of ihe Newels which cauſes the Hand-rail of the firſt Flight to drop 
the Height of 3 Steps below the Rail of the 2d Flight. In Fig. F. the Stairs are 
ſet to the middle of the Newel, which cauſes its Rail to drop two Steps, and in 
Fig. G. they are placed to the out-fide of the Newel, and drop but one Step. 
Laſtly, in Fig. H. the Stairs are ſet half their Breadth clear without the Newel, 
which cauſes the Rails to meet as in Fig. O. | | 
To preſerve a Regularity in Fig. I and K, which have large Mouldings, ſet 
the Stairs the Breadth of half a Stair clear on the out-fide of the 1 2 It 
is alſo to be obſerved, that as tis uſual to place half Balluſters againſt Newels, 
therefore when it happens that the Interval or Space is too gr-at, the New- 
el ſhould be augmented as in Fig. K. 2 _ 
Fig. L. exhibits the regular Method, and Fig. M. a ſhameful Method, of 
Joining Rails and Balluſters, which laft is to be ſeen in the Stair-Caſes at the 
Weſt of the Pariſh Church of St. Martins in the Fietds, London, and which 
was executed under the Direction of Mr. Jamts Gisgss, Architect. | 
Ng. N. exhibits the manner of dividing the Heights of raking Balluſters by con- 
tinuing the Members of the ſtreight Balluſters; and. Ig. X and V. Plate LXVIII. 
. exhibits the manner of placing ſtreight and raking Balluſters over each other. 
Tux Figure: IKLMNOPYQ, are divers examples of Balluſters as were 
uſed by the Antiencs ; as alſo are Fig. TV W and R, divers Guilochi's and Or- 
naments, which were often uſed inſtead of Balluſters, and which when well exe- 
cuted, are very grand. 55 | | 
IIx was the Cuftom of the Ancients to begin the Balluſtrade of a grand Stair- 
Caſe with a Pedeſtal, as Fig. S. Plate LXVIIT. which to a large Stair-Caſe is yet 
the moſt grand manner, but many modern Architects who think themſelves wiſer, 
yo One. __ at the Fay ung Stair inſtead * Pedeſtal. Buildings 
d ſmall Buildings a twiſted Rail is very proper, but in uficent i 
I think them ally infericns to a noble P I. 3 
To deſcribe @ twiſted Rail is the next work in order, which may be performed 


as following. - 
Lr the the Lines B DE, Fig. IV. Plate LXYII. repreſent the Edges of the 
two lower Stairs of a Stair-Caſe. I*s 
-  Divipt 39, the Tread of the ſecond Stair into 9 equal parts, continue the 
Line D towards the left at pleaſure. Draw N F, parallel to 9 6, at the diſtance 
of 7 alſo draw the Line 14 4, at the diſtance of 3 parts, then 46 is the 
Breadth of the Hand- rail. Draw A parallel to 9G, at the diſtance of bg, 
then the point x is the Center of the Eye of the Scroll. On the point à deſcri 
the Quadrants & c, and 4e, which is the Length of the twiſted part of the Rail, 
the remaining part to , the Eye being level. On deſcribe the Circle z x p, 
whoſe diameter ap, muſt be equal to 46, the Breadth of the Hand-rail. Divide 
the Radius x p into 4 equal parts, and through the. firſt part at o, draw the Line 
I, cutting the Line NF in x; on x deſcribe the Quadrants c, and eg, make 
ot equal unto 2 parts of »p, and draw the Line 7s parallel to Ar. On the 
point ? deſcribe the Quadrants F, and g &, make » w equal to 3 parts of =p, 
and through the point ww, draw the Line. z &, parallel to r*; on æ deſcribe 
Quadrant Y v, and on ww, the Quadrant wp, and then is the Plan completed. 
To deſcribe the Mould for the Twiſt. | | 
CoxTinus bg towards M, and F N towards 6, in Fig. I. alſo draw LI, 
rallel to 5 N, at the diſtance of N K, in any part of N 6, as at e, draw the 
ine 2 / at right Angles to 5 N, and on c deſcribe the Semi-circle abf, make 
a 4, and Ft, each equal to the Riſe of one Stair, and draw the Line 4c ft. Make 
N equal to cr, divide bc into any Number of equal parts and draw the Or- 
dinates 15, 1; 16, 2; #3; Cc. divide N, into the ſame number of equal 
parts as in 5c, and make the Ordinates thereon equal to the Ordinates on 6 c, 
and through their extremes trace the Curve Nã, which is the Curve of the out - 
fide of the Mould. Make 6 & equal to the Breadth of the Hand-ra:l, and on c, 


with 
4 


| Mould, which will complete the wh 


of the Stairs: alſo draw 4 + parall 


_ alſo] 4, at the 
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ith the Radius c &, deſcribe the inner Semi-circle. Make c þ equal to .. 
On & c, the Semi-diameter of the inner Semi-circle, make Ondinztes, which 
transfer on c b, as before, and hg their Extremes trace the Curve of the 

' hole, as required. For as the Out-lines of the 
Plan of the twiſted part of the Rail þ c and 4 e, are Qadrants, therefore the 
outer and inner Curves of the Mould, will be both a quarter part of two 
Ellipſes ; becauſe the twiſted Rail, ſtrictly conſidered, is no other than the 
Section of a Cylinder, as LMI R. whoſe Diameter af is equal to twice 
ab, in Fig. IV. and its tranſverſe Diameter equal to & 7, and conjugate Dia- 
meter to af. 

Tux Twiſt of a Rail over a circular Baſe at a half Space, as a6, Fig. II. is 
the ſame thing as the preceding, as being the 4th part of an Ellipſis, 
made by the Section of a Cylinder, whoſe Diameter is equal to twice a c. 
Tus manner of making the Knees and Ramps of Rails, is the next that is 


to be conſidered, which are thus deſcribed. 


for 22545 4 v, and w, be 4 given Stairs. From p, the middle of the 
lower Stair, draw the raking ne 3 to 95 w, the Noſes 
to p, at the diſtance of the Rails thick- 
neſs. Continue 7 to g, and make F & equal to fg, and draw à 4 parallel to 
##x. From the point p, draw the under part of the Knee, parallel to mr; as 
tan of the Rails thickneſs, and then the Knee will be 
completed. Divide the Angle 2 / 6 into 2 equal parts, by the Line fa, cut- 
ting the Line a5 in a. On 4, with the Radius 4 6, deſcribe the Arches g, 
and i c, which is the Ramp required. Now this Rail being ſet up on the 
Balluſters to its aſſigned Height, ſo for the Points / and &, to ſtand over the 
Points and x, it will be completed, as required. 
Fig. IX. is the Baſe of a Newel Poſt, whoſe tides are fluted in various manners, 
as expreſſed at ab c d, fe, and Fig. VI, is a View of the Mouldingsf a Hand- 


rail for a common Stair-caſe. 


To. find the Mould of @ twiſied Rail, to a circular or elliptical Stair-ca/e. 

| * T7 VII and VIII. Plate LXVII. oo 4 

Ler AB CD, Fig. VII, be the Plan of a Cylindrical Stair-caſe, whoſe Baſe 
is a Circle, and whoſe Stairs wind about the Cylinder ab4, Cc. The Plan 
of the Stairs being divided, continue out the Diameter 4 a, towards the left 
hand, as to /. of length at pleaſure. Make 2 f, equal to the Girt of the Semi- 
circle a þ 4, which divide into the ſame number of equal parts, as there are 
Stairs in the Plan of the Semi- circle ab4, as at the Points 12 3 4, Cc. 


from which erect Perpendiculars, as 1 4, 2 4, 3 a, &c. of length at pleaſure. 


Conſider the Riſe of a Stair, and make the Perpendicular / g, equal to the Riſe 
of all the 12 Stairs that go round the Semi-circle a 0 4; and divide the Per- 
Fg into 12 equal parts, as at the Points 1 2 34, &c. from which 

w Lines parallel to 74d, continued out towards the right hand, at pleaſure, 
which will interſect the Perpendiculars on the Line Fad, in the Points ac, 
ac, ac, &c. and which are the Breadths and Heights of the Treads and Riſes 
of the 12 Stairs, at the fide of the Semi-cylinder a6 4; for was the whole 
Figure g f a, applied about the Semi- cylinder, then the parts @ c, @ c, Cc. 
would be in the reſpective place of each Stair. Let 2 e repreſent the Breadth 
of the Hand - rail, and the Semi- circle 10 c, its Baſe, over which its Inſide 


is to ſtand. Divide its Diameter e c, into any number of equal parts, as at 


123 4. Cc. and draw the Ordinates 1,6; 2,7; 3,83 4, 9; &c. which con- 
tinue upwards, ſo as to meet the horizontal Lines drawn from the Perpendicu- 
lar g/, in the Points 28, 27, 26, 25, &c. through which trace the Ogee- 


Curve 28, 14, a, which is the Sectional Line of the Cylinder, over which it 
ſtands. Make the diſtances 15, 21; 19, 143 18, 13 ; 17, 12; and 16, 11 


equal to the Ordinates 10, 5 9, 43 8, 35 7, 2; and 6, 1; and through the 
Points 20, 19, 18, 17, 16, to a, on the Line F a, trace the Curve, 20, 16, a, 
which is th: inſide Curve of the Mould, and whoſe Out- curve 21 @, being 

| 5 | | made 


is the Deſign of a Shell, for to enrich the Head of a 
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made concentric. thereto, will be the Mould required, whoſe end 21, 20, when 
t up in its place, will ſtand icular over its Baſe b 10. by 
| Note, this Mould, tho' made but for one 4th part of the Cylinder, will ſerve 
for the whole, by repeating the ſame, or adding 3 or more others of the ſame 
kind, to the ends of each other as often as there are Revolutions in the Cy- 


linder. | | 
Fig. VIII. is the Plan of an elliptical Stair-caſe, whoſe Mould f 4, is de- 


leribed in the ſame manner, and therefore needs no other Deſcription. 


„ 


Of Compartments for Monumental Inſcriptions and Shields z\ alſo divers rams 


for Buildings and Gardens. 
8 in the preceding Lectures, I have explain'd the princi of Build- 
A ings, I Fall now conclude this _ with ind rt ng: 
hich are in common uſe, and which are as neceſſary for the Enrichment of 
Drawings, as of Buildings themſelves. : ; 1 
In Plates LXIX and » are contained 14 Deſigns of Com ents, 
for Monumental Inſcriptions, Coats of Arms, to be placed in open Pediments, 
Ec. In Plate LXXI, is contained, firſt, 11 kinds of Vaſes, as ABC DEF 
GHIK L, forthe Enrichment of Piers to Gates, Parapet Walls, &c. as alſs 
are the Balls P Q, and Pine-Apple R. The Figures M OS, are Deſigns fon 


| Flower-Pots, which are to be employed as Ornaments, in ſuch places where 


ed 
Vaſes will be too large. As the principal parts of theſe Ornaments are 
portioned by equal parts, as Tl divers places between them, Lhe 
young Student will fee how eaſy it is to make them to any given Height. 

Tur Hg. WY, AB, AC, have their principal parts Le equal 
parts alſo. Fi W and Y, are Deſigns for Chriſtening Fonts; and A B. 
A C, for Pede to horizontal Dials ; and indeed, when horizontal Dials are 


h * large, the Figures W and V, may be employed to their Pedeſtals. 
ip. 


, is a kind of Pedeſtal, called a Terme, from Terminus, the God of 
Bounds or Land-Marks, who being anciently made ſtanding in a Sheath, theſe 
kinds of Pedeſtals were taken for the 2 ** of Buſto's, and are thus pro · 
portioned to any given Height. Divide the given Height into 10 equal parts; 
give the upper 1 to the ht of the up Aftragal, Fillet, and Cavetto ;. 
aid the lower 1 to the Height of the Plinth, Fillet, and inverſed Cima. The 
Projection of the great Aſtragal, is 2 parts on each fide the central Line, and 
of the ſmall Aſtragal in the Baſe, one part on each fide, from which the 
other Mouldings take their Proje&ions, as common in Columns. 
Po flute " Pedeſtal: | 
— the Breadth into 21 equal parts, give 1 to each Fillet, and 3 to 
each Flute. I | FA VERO 
Taz Fig. N, repreſents a Harpye, a fiftitions Monſter, ſaid to have the 
Head of a Maiden, and Body of a Bird; and if ſuch are made in Stone or Me- 
tal, having the Bodies of Turtle-Doves, Owls, and Magpyes, _ will be pret- 
ty Emblems of the Innocency, Wiſdom, and babling Nonſenſe of Women. 
Tus * Z. A D, A E, and AF, repreſents the Monſter called Sphinx, 
whoſe Head and Breaſt is like that of a Woman's, its Voice like a Man, its 


Body like a Lion, and Wings as a Bird; but ſometimes their Wings are omit- 
ted, as Fig. AD and AE. The Figures T and Y, are two kinds of Obe- 
lisks, for Lamp-Poſts, &c. the one ſquare, the other octangular; and Fig. AG, 
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Product by the other difference. Multiply the laſt Product by t 


4 
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Of the MaxsUAATIoN of Superficies and Solids. 
A the Foot is the Standard Meaſute ef maſt Nations, I ſhall 8 


to the following Rules, a Table of Foreign Feet, carefull E 
pared with the Eg Foot, wherein 'tis oppoſed that th "Engli 


+», 


n 


.1.nun 
* 


Foot is divided into 1000 equal „ as alſo into 12 In and 
10 equal parts. ny l "x ab | 
| „ TREE ae Engl. Feet. Decim. F. Inc. 1oths. 
Engliſh Foot. | 1,000 2 12 0 
Paris. eh' Royal Foot. 1,0681 oo 8 
Paris Foot. by Dr. Bernard. 1,066 
Amſterdam Fo. - 09661011: 3; 
Antwerp Foot. „94600 11 3 
. Leyden Foot, 1,0331 oo 3 
Strasburgh For. | ,g20]o 11 8 
Frankford ad Mznam, Foot. 94810 11 6 
Spaniſh F. 1,o001j1 00 © 
Venice Fooe. 1,1621 or. 9 
Dantzick Foot. 4 4 d 
Copenhagen Foot. „9650 11 6 
Prague Foot. 1,0261 oo 3 
Roman Foot. | ,967]0 11 6 
Old Roman Fox. | 970 
Greek Foot. 1, 0ũ 2 1 0 1 
China Cubit. „„ enn, 0-2 
Cairo Cubit. | 1,8244109 9 
( Babylonian Cabit. „ II. 06 
Old Greek Cubit. | f B 2 
Roman Cubit. » |= 05 1588 
Turkiſh Pike: | ' _ 1 2,200J2 62. 4 1 
Perſian Araßb. ns 3,197 3 02 3 


Of Rules fe „ 14 Figures, Plate LXXIT 
s for meaſuring the & es of geometrical Figures, Plate e 
| Rur 5 plain Triangle, Fig. ABCD. | 
A S 1 : half the Baſe c dor h i, Fig. AorB: : bd org 7, the Perpendicular, 
: the Area; or as 1 : the whole Paſe ms, or zy, Fig. Cor D:: 2 


the Ferpendicular : Area. a | 
Tod the Area e any plain Triangle, having the Sides onhy (iven. 1 
App the three Sides together; from the half Sum ſubtract each fide ſeverally, 


and note their differences. Multiply any two of the differences 1 and their 
e half Sum of 
the 3 ſides, and the ſquare Root of their Product is the Area required. * 
Rus II. To meaſare a geometrical Square, or Parallelgram, as the Figures E F 
As 1 : +4 the Lange 7: 5c the Breach: Avon | : 
RuLe III. To meaſure a Rhonibus or Rhomboides, as the Figures G and H. 
As 1 : a d, equal to ce the Length:: bc the Perpendicular Height: Are i. 
Rur IV. To meaſure a Trapezoid, as Fig. I. 
As 1 : f the Baſe Fe, : : the Perpendicular Height 5 { : Area. 
Ru LE V. To meaſure a Trapexia, as Fig. K. P20! 
As 1 : a Diagonal, as bg : : half the Sum of the 2 Perpendiculars ad and 
cc: Area. I; 
: | Z RuLE 


270 Of the MensURATION of Superfcies and Solids, 
RuLx VI. To meaſure axy 3 


As 1: + the Circumference @4, :: f the Diameter eg, equal to bt 
Roux VII. To mea el Auel r. M. | 
Divips the Figure 3 2 ef, £4 þ and he Tube 
e e eee F and V. V. and their added together, is - 
e 


Rur VIII. 7. find the Length of an Arch of any Circle, as acd, J. 
Divids the Chet: Line in 4 equal make the Chord Line of a * 
to 1 part, then 5 4 is nearly equal to half the Arch Line required: or thut 
thmetically ; Multiply à c, the Chord of half the Arch, by 8 ; from the Pro- 
ut ſubtract ad. Divide the remains by 3, and the Quotient will be equal 
to the length of the Arch Line @ cd, required. Or thus, From the 3 
and c d, ſubtract the Chord a 4. Divide 4 the remains by 3, and then the 
tient added to. the Chord" Lines @ c and c d, the Sum will be nearly eq 
the Arch Line ac d, r _ | 
RvLie IX. nadrant, as bee, Fig. O. 
As 1: 4 the Arch e e, oh ng ig Area. 
| Ru LH X. To meaſare a > Bonar, - y ade, Fig. O. 
3 1225 The Diem of a Cas lebbiog gives c 
ULE iameter of a Circ its erence. 
As 7 : 22, 4 the gigen Diameter: Ci rio, fd in d. Or, as 
113: 355, : : the given Diameter : Circumference requi Or, as 1 : 
3141593, :: the given Diameter to the Circumference required. Or, as 
1,00000, 00000,00000,00000,00000,00000,00000 : is to 3, 14159, 265 39,8979 3, | 
n3846,26435,63279y0288, 0 i the Diameter given, to the — re 


2p RvLs XII. The Circumference a — being given, to its Diameter. 
As 22 : 7, : : the Circumference 4 22 ee Or, an 366: 
113, :: the — 2 8 Or, as 3141593: : the Circum- 
ference to the Diameter. 
RuLe XIII. * Diameter of « Circl being given as a e, Fig. N, to find 
. its Area. | 


I. By Van CuLen's pf 
As 1 : 1785s : 1 of the Pee Are: 
Mzrius's 

As 452: 358, 2: : the —— the Diameter: 
1 . By renner vr, egg. 

As 14: 11, : the Square of the Diameter: Area. 

Ru LR XIV. The Cir c of a wa to fad its Area. | 
Az 1 : ,07958-: : the Square of the Circumference : Area. 


1 2 ue The Aras of a Circle bei — to Tee Diameter. 
As 1: : the Area: — euaivet fret 
Rus X\ I. The oa of © Chee ding tier, fu eee, 


2 12 12, ce required 
Ro rx K. . Diameter of a Cireit bring given, to find the fide of a Square 
nearly equal to the given Circle. 

As]1 : ,8862, :; the Diameter: fide requir | 

RuLs XVII. The Circumference of a Circle being given, tf the fu fo : 
Square, nearly equal to the given Circle. 

As t :,2821, :: the Circumference : fide 

Rus XIX. The Diameter of a Cirel being given, 2 K. of a "EY 


Ps 1 : the Diameter: fide required. 
Nets RX. The Cireanorence of Chef ring given = fad the file of | 


As 1 2251, : the Circumſerence * kde required. 


Read «- 


of a Circle m 


As 3 : ,6366, : : Area : fide required. ED pts . 

RvuLt XXII. The fide of a Square being given, to find the Diameter of its cir- 
W ILY . 2 Cirels. EY 
As 1 : 1,4142::: the fide of t uare : Diameter required. 8 

Ruwe XXIII. The fide of a Square being given, to 2 Circumference of 


its eircumſcribing Circle. 


| YT „443, :: the ſide of the : Circumference required. 
BAN The as 


+ fide of a Square being given, to find the Diameter of a Cir- 


RuLsB 
| cle, nearly equal to the Square. 


4 14128, : : the ſide of the Square: Diameter required. | 


Ru L XXV. The fide of a Square being given, to find the Circumference of a 
"LO | Circle, nearly to the Square. | 
As 1: 3517 : the fide of the Square: Circumference required. 
Rur I. To find the Diameter of a Circle, as c e, Fig. T. having the 
Chord Line a b, and Height c d, of the Segment a c b, given. 
Square à d, and divide the ut by cd, the Quotient will be equal to 4 e. 
n cd, more de, is the Diameter required. | | 


Rull XXVII. To meaſure the Sector of a Circle, as e b a, or dae f, Fig. R. 


As 1 : f the Arch Line, :: the Radius da, or c a: Area. 
RULEZ XXVIII. To meaſure the Segment of a Circle, as a be Fig. P. 


_ Imacine Lines to be drawn from @ and c, to the Center P; then abcP, 


will be a Sector: which being meaſured by Rule XXVII, and the ſuppoſed 
Triangle a e P, deing del den it, the Remains will be the Content of the 


Segment required 


149 To meaſure the great 1 a Cirel, as def. Ss 
In AIR Lines drawn from 4 and e., to the Center P, as da and ae, in Fig. 
R. Then to the Area of the Sector 44 ef, found by RuLs XXVII, add t 


Area of the Triangle 4 a e, by RuLe I. and their Sum is the Area of the 


great Segment 222 Hence tis plain, that the Center of a given Segment 
uſt be known, before its Area can be found. | 
RULEZ XXIX. To meaſure the Zone of a Circle, as adefbc, Fig. Q 
To the Parallelogram 4 fa b, add the Segments 4e % and abc, and their 
Sum is the Area of the Zane required. - : 
RuLz XXX. To meaſure the Superficies of any irregular curvilineal Figure, 
| | . as the Figure V * 
Divips the curved Bounds into Segments, as / a, abc, ede, efg, f bi, 


14% lu. To the Area of the right-lined Figure xa c eg i /n, add the Area 
of the Segments »pa, cde, gh i, i l. and from the Sum, ſubtract the Areas 
of the Segments abc, e fg, and nm/, and the remains will be the Area ot 


the irregular Fi uired, : | 
| Wo > XXXI. To meaſure an Ox Eye, as Fig. W. | 
— the Line a d, then add the Area of the Segment a cd, to the Seg- 
ment a&7. : 
Ru u XXXII. To meaſure any ſpherical Triangle, as X V Z, and A, Fig. II. 
FrgsT, Figure X, to the plain Triangle @c e, add the Segments à b c, c de, 
and ae n, their Sum is the Area required. Secondly, Fig Y, to the Area of 
the plain Triangle a bf, add the Segments a cb, and 6 4%, and from the 
Sum ſubtract the Segment e af, and the remains is the Area required. 
Thirdly, Fig. Z. from the plain) Triangle @ ec, ſubtract the Segmentse a d, and 
ba c, and to the remains add the Segment ec, the Sum is the Area required. 
Fourthly, Fig. A, from the plain Triangle, a 4 %, ſubtract the Segments ch e, 
the rema ns is the Area required. | | | ; 
Ru! B XXXIII. To meaſure any mixtilineal Triangle, as B CDE, Fig. II. 
Fixer, the Triangle C, from the plain Triangle, c d, ſubttact tae veg- 


ments 6, and ec, the remains is the * required. Second iy, the Triangle 


O the MensvRAT1oON gf Superficies and Solids. T1008 
| Rurz XXI. The Area of a Circle — 2 to find the fide of a Squart in- 
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172 Of the MEnsURAT.10N of Superficies and Solids. 
D, to the Plain Triangle a e, add the Segments. 4c a, and c ed, the Sum is 


Area required. Thirdly, to the Plain Triangle E add the Segment 6 a c, the 8. 
erke XXXIV. 7s meafare compound. regular Figures, , F G H, Fig. I 1 
Rur . To me „ 4 FGH, Fe. II. 75 

. . Firſt, the Fig. F. To the mometical Sauna ab os, add N. eand 

, the Sum is the Area required. Secondly, the Fig. G. From the geometrical pe 
Square 1 2 3 4, ſubtract the Quadrants 126, 20% 53g. 4, the remains is 3. 
the Area required. Thirdly, the Fig. H. From the P ogram 1 2 3 4. Sub- ar 
tract the Triangles 13 c 42 e, 43 4, and /g 4, the remains 1s the Area required. 3 
PRE . RuL8 XXXV. To meaſure Egg and Heart Oval as Fig. OPQ. 1 

Hir, the Egg Oval, Fig. O. To the Tra adf h, the Semicircle 
a cd, and the ents g/, g, and 44, the ſum is the Area required. Se- "+ Q 
condly, Fig. P. To the Plain Triangle a c 4, add the Semi-circle @ 6c, and the Pt 
two Segments ad, and cd, the Sum is the Area required. Third/y, the Heart EC 

Oval C. To yy Hon Trangle * the two rw Ying adc, ceb, and | 8 
two Segments a /g, an e Sum is the Area required. 94 0 
| | Ru L. E NN To meaſure an Bllipfs as the Fig. I K. 7 5 
As 1854: the Square of two Diameters : Area. The Area of every | 
Ellipſis is a mean proportional between the Area's of its circumſcribing and in- | 
ſcribing Circles as in Fig. N. | kong 8e 
© For as the Area of the Circumſcribing Circle a 5m: the Area of the Ellip- CU 
ſis ag px :: the Area of the Ellipſis agp x ; Area of the inſcribed Circle bg ox. li] 
Rur XXXVII. To meaſure 1 cf Og Ellipfis, as ef i, Fig. M. or | — 
L TOE ot AS 2 a Wl t 
Fir, The Segment of alipſis whoſe Bale is parallel ts the . Dia- th 
meter, as Vi, Fig. M. is 1 portion to the Segment 4 fn, of the height of 
of the circumſcribing Circle ; As 6 x, the Diameter of the circumſcribing Circle | 
z c the conjugated Diameter of the Ellipſis :: the Area of 4 gn, the Circke's Seg- | 
ment: /i, the Area of the Segment of the Ellipſis. Secondly, The Segment 2 
of an Ellipſis whoſe Baſe is parallel to the tranſverſe Diameter as 4, Fig. N. O 
is in proportion, as the Arca of the inſcribed Circle 5g: the Area of the El- Z 
lipfis agpx :: the Area of the Segment of the inſcribed Circle: dg = the Area | 
the fi ipſis required. Or as g x the Diameter of the inſcribed Circle : a 5 the of 
_ tranſverſe Diameter :: the Area of the Segment of the inſcribed Circle: Area of 
the Segment of the Ellipſis. The Fig. K and L, are each a Semi-Ellipfis, the firſt 
on the Tranſverſe, and the laſt on conjugate Diameter, — are ta 2. 
be found by conſidering each of them as a whole Ellipſis, and take 4 the Area ſo, S] 
ſound, for their Area's required. 25 28 
© The Fg. I K, fbews hoaw to deſeribe any Ellipfis by the help of three fireight Labs, Sp 
7 &C. as following, _ | | tx 
Draw the 2 Diameters af, and 3 Al Angles, to their given Lengths. C 
Make » 2, and ne, each equal to half the Tranſverſe Diameter, then 4 and e are th 
the two Focus points, whereon fix two Laths, as on Centers as 4g, and eh, each | 
equal to the Tranſverſe Diameter. To their Ends 5 and g, fix a third Lath, e- 8p 
quo! to the Diſtance of 4e, ſo that the ends at h and g, may be moveable as the fo 
| joint of a two-Foot Rule. Then the three Laths being moved about the two Fo- its 
cus Points, their ſeveral points of Interſection, will trace out the Ellipſis required. of 
uE XXXVIII. Jo meaſure the Area of a Parabola, as Figuves R or 8. 

Every Parabola is equal to two thirds of its inſcribing Parallelogram. an 
Therefore as 1 : df Fig. R, or af Hg. S:; ad Fig. R, or ba, Fig. S: a 4th as 
Number, two thirds of which, is the Area requized. | PLOT | th 

LRC FCN II. | 

Of Rules for mea ſuring the Solidity of all kinds of Bodies, and their Super ficies. of 

Ru LE I. To meaſure the Scliaity of the Cube R, or the Parallelopipedon W. I 

S 1 : the Area of any End or Side :: the depth or length from that End or | 

Side : the Colidity required. : . 2 | * | 9 
$2 | TAE - 


"EP the Pyranis AG and A 


— —Uh—B/tU 2 9d at hs F 


Of the MEnsURAT10N of Superficies and Solids, 173 


Taz Superficies of the Cube N, is the geometrical Squares 1 2 3 4.5 6, Fig" 


8. and of the Parallelopipedon W, the Parallelograms 1 » 5, and geometri- 
„ W 


Rur II. To meaſure the Solidity of am Priſm as the Figures, V, A B, and AD. 


As 1: the Area, of one end :: the Length: Solidity required; the Su- 
ficies of the Triangular Priſm V, is the Parallelograms 1 2 5, and Triangles 


3. 4 Fig. Z. Of the Hexangular Priſm A B, the N 123456, 


and He 145 8. N the Trapezia Priſm A B, the Pa elograms 2, 
4» 5» Trapezia's 1, 6. | | 
L4H E III. To meaſure the Solidity of a Cylinder, whoſe Baſe is a Circle as Fig. 
A. Plate LXXIV. or an Ellipfis as Fig. I. Plate LXXIII. 
As 1: the Area of one end :: the Length : the Solidity required. The Su- 
perficies of the Elliptical Cylinder I, is the Parallelogram J e, (whoſe Length is 


equal to the Circumference of the Cylinder) and the 2 Ellipſes c #4 a, and eig. 


3 Superficies of the Circular Cylinder A is the Parallelogram a, and two 
ir C. | | 
Rur IV. To meaſure the — of a Tetrahedron, as Fig, T. Plate LXXII. 

| , and Cone Fig. R. Plate LXXIV. 


In every of theſe Bodies, as 1: the Area of its Baſe :: 3 of its Altitude: the 


- Solidity required. The reaſon hereof is, that every Cone is equal to 4 of its Cir- 


eumſeribing Cylinder; that is, to a Cylinder of the ſame Baſe and Altitude. So 
likewiſe every Tetrahedron and Pyramis is equal to 4 of its circumſcribing Priſm, 


Whoſe Baſe and Altitude is the ſame as thoſe of the "tetrahedron and Pyramis, and 


therefore it follows, that as 1 : the Area of the Baſe. gf a Cylinder, or Priſm :: 
the Length of its Axis : a 4th Number, one 3d of which is equal to the Solidity 
of the Cone or Pyramis inſcribed therein. R | 
Tur Superficies of the Tetrahedron is the Equilateral Triangles 1, 2, 3, 4. 

Tux Superficies of the ſquare is AF, is the geometrical Square A E, 
and the oſceles Triangles ae6, bg d, dhc, and a c. The Superficies of the 
Octangular Pyramis A G, is the Octagon AF, and Iſoſceles Triangles abc de f 
g; and the Saperficies of the Cone is the Sector bh if, and Circle & /. 
Note. The Length of the Arch 4 f, is equal to the Circumference of the Baſe 


of the Cone. And the radius 54, to bf, the Side of the Cone. 


Rur E V. To meaſure the Solidity of a Sphere as Fig. T. Plate LXXIV. 
As 21 : 11 :: the Cube of the Sphere's Axis : Solidi ired or as 1 : ,5236 


2: the Cube of the _ Axis : Solidity required ; for if the Axis of a 
I 


Sphere be 11, its Solidity is ,5236. 
Every Sphere is equal to a Cone, whoſe Axis is equal to the radius of the 


Sphere, and its Baſe to the Area of the Sphere, Or every Sphere is equal to 


two thirds of its circumſcribing Cylinder. Therefore, as 1 : the Area of a great 


Circle of the Sphere :: the Diameter: 4th Number, two thirds of which, is 
the Solidity of the Sphere. | 
_ AS a Cone is equal to 4 of a Cylinder of equal Baſe and Altitude, and as a 
Sphere is equal to 2 of a Cylinder of equal Diameter and Altitude, tis there- 
fore evident that a Cone whoſe Baſe is equal to a great Circle of a Sphere, and 
its Axis equal to the Axis of the Sphere, its Solidity is equal to 4 the Solidity 
of the Sphere. | ; | 
Ap a Cone, whoſe Axis is equal to the Semi-axis of the Sphere, and the Di- 
ameter of its Baſe to twice the Diameter of the Sphere, will be equal to theSphere ; 
as alſo is a Cone whoſe Axis is equal to twice the Diameter of the Sphere, and 


the Diameter of its Baſe equal to the Diameter of the Sphere. 


Ruts VI. To meaſure the Superficies of a Sphere. 
Taz Area of every Sphere is equal to four great Circles thereof, ſo the Area 


of the Sphere Fig. T. Plate LXXIV. is equal to the Circles VW XY. Or as 


1 : the Diameter :: the Circumference to the Area required. 
| Note. The Area of a circumſcribing Cylinder is to the Area of the inſcribed 


Spheie, as 3 is to 2; and which is the ſame proportion, that the Solidity of 
the Cylinder has to the Solidity of the Sphere. Aote. 
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- 174 07 the . of 8 and Solids, 
Note, If the Covering or Area of a Semi · ſphere be laid out, as bt in the 


Covering of the Heads of Semi- circular Niches, in LECT. xx v = 


exhited in Fig. M, by twwx, Ce. and the Area of a part, as of Z, be 


5 anultiplied.by Loses che number of Parts laid out, the Produt. will be the Su- 


rficies of the Sphere required. Note «/o, The ſeveral occult Arches in this 
7g. are no more than a R of thoſe in Fig. K, Plate LVI, which I 
have inſerted here again, for the eafier underſtanding the manner of deſcribing 


Brat parts, f d , &c. which are the Superficies of the Semi-ſphere 
| open 


Kurs MI. To meaſere the ay he, 1 of a Sphere, arf1,7; 


I. The Diameter 22 40 Altitude of the Fruſtum bei 128 
o z times the Square of I 3, the Semi-diameter of its Bale, wy 2 

of 3,1, its Altitude. Multiply the Sum by the Hei eight, and that product 

by ern cattiog of 4 Decluals to-the right hand, 1s the 


ty requi 
II. The Axis of the Sphere k g, and 1 3, the Height N 

| From 3 times the Ab, db twice lle uh of the 8 gm. 
the remainder, by the Square of the Segmen ht, and that p. rodue by 5236, 
a Eb, 1 ca 4 Decimals wo the to the x rig * * _ olidity 4 uired 

ULE o meajure t olidity of any Fr ere, as 
Fig. AL, Plate 1A. : 
From the Solidity of the = Sphere, deduct the Segment 4 = 4, and the 


+ % 
a 
0 


remains is the Solidity of the Fruſtum 


Rurx IX. To meaſure the Zane ofa phe, as de Fg. AL Plate 


Deas: Solidity of the whole Sphere, deduct the two Segments 5 m | and 
deb, the remains is the Salidiey of he 2 Zone required. 

RULEZ X. To meaſure the Solidi of a Spheroid, as Fig. L., Plate LXXIIT. 

MvL.T1PLY the Square of 4, the conjugate Diameter, by a #, the tranſverſe 


Diameter, and that product by, 5236, the Product, cutting off the 4 Decimals, is 
| the Solidity required 


Note, Every Spheroid, as a ceg, Fi g. Q., Plate, LXXIII, is equal to 2 thirds 
of a Cylinder, as þ dn f, whoſe Diameter is equal to the Conjugate Diameter, 


and Height to the 'Tranſverſe Diameter. 


Ruus XI. To meaſure the Solidity of the Segment, or Fru ſos of pheroid 
Insckis the Spheroid in a Sphere; then as the Solidity of 22 — is 


to the Solidity of the Spheroid, ſo is any part of the Sphere, to the like part 


of the Spheroid. 
Ru II. To meaſure the Solidity og eee Conoid. as Fig. N. Plate. 


Tars Solid is rated by the Revolution of a Semi-Parabola, on its Axis, 
and is thus meaſured, wiz. Multiply the Square of its Diameter, by , 854, 
and its Product by half the Perpendicular Altitude, the Produ&t (cutting 55 
4 Decimals) is the Solidity req 

RuLe XIII. To meaſure the b. Wee 9 the 17 7 a Parabolic Consid. 

as fa c g, Fig. N. Plate LXXII 
Morrirrr the Sum of the Squares of ac and /g, the leſſer and greater 


Diameters, by ,3927, and that Product by the Perpendicular Height of the 


Fruſtum, the laſt Product is the Solidity required. 
RTE XIV. To meaſure the Solidity of @ Parabalick Spindle, as Fig. W. 
Plate LXXIII. 
Murrirrr the Square of g its | Pane Diameter, by „41888, (being 2 
of ,7854) and that Product by hg its 15d the 1 N cutting off che 
Decimals, is 88 Solidity required. 


Rur 


6 *. 
. 4 


© ren N= D828 
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Rur XV. To meaſure the Solidity of a Fruflum 


Of the MensVURAT1ON of Superficies and Solids; 175 
 parabolick Sean 
Mul rirtr the n is pry” apt t 2 ; 2 6 
Mur rirrr the Square of g /, the greateſt Diameter, by 1, 708 ; alſo mul- 
8 74 the leer Diameter, by, 78543 alſo Kc. iply the Square 
the di of the Diameters, by ,31416: then from the Sum af the two 
former Products, ſubtract the laſt Product, and multiplying the remainder by 
1 third of the Perpendicular Length, that Produck is equal to the Solidity of the 
Zone df m 0, whoſe half part is equal to the Fruſtum 4 f gl. dy * 
Rur XVI. To meaſure the Solidities of the fue regular Bodies, vin. The Te- 
ren 5 OR. 83 E * ig. O. Plate LXXIII. The : 
ron or „Tig. R, Þ Troſehadran, Fig. T. Dade- 
cabedrom, Fig. R. Plate LXXIII. | bar 
Ir the fide of each Body be conſidered as 1 or unity, their Solidities are as 
| | | Solidities, Superficies. 
Tetrahedron | 0,1178511 — 1,732051 
OQahedron | @,471 — 3.464102 
Hexahedron | np a.) — — 7 
Icoſahedron 2, 181695 — 8, 660254 
Dodecahedron 7, 663119 — 20,6457 29 


5 To find the Solidities of either of theſe Bodies; . 

As 1 : the ſolid content in the Table, : : the Cube of the fide of the like Bo- 
dy to be meaſured : 3 required ; or if each Face be conſidered as 
the Baſe of a Pyramis, whoſe Vertex is in the Center of the Body, then one 
ſuch Pyramis being meaſured ſingly, and its Solidity multiplied by the number 
of Faces contained in the Body, the Product will be the Solidity of the Body 


required. | | 
Do find the Superficies of either of theſe Bodies, 

As 1: the mere content in the Labte ky es fs of the like Body to be 
meaſured : ſuperficial Content thereof; or if the Area of one Face be firit 
found, and multiplied by the number of Faces contained in the Body, the 
Product will be the ſuperficial content of the whole, as required. 

Note, The Superficies of the Tetrahedron, is the Fig. V. of the Cube, the Fig. 
8, Plate LXXII. as has been already obſerved. Of the Octabedrom the 8 equi- 


lateral Triangles 1243 5 8 67, Fig. P; Of the Dodecahedron, the 12 Penta- 


1234567891011 12, Fig.S ; and of the Icoſahedron, the 20 equi- 
eral Triangles 1 2 3 4, Ec. Fig. V. Plate LXXIII; and which being de- 
i neated on Paper or -board, as exhibited in the ſeveral Figures, and then 
cut out and folded up together, will form the ſeveral Bodies in juſt Propor- 
tion. ; 

Ruts XVII. To meaſure the Solidity of the Fruſlum of a Pyramis or Cone, 
evboſe Baſe is right angled to its Axis, as the Fruſlums of Pyramis's, Figures AC 
and E, Plate XIII. and the e 4 Cone, Fig. 8, Plate LXXIV. 

MvuLTIPLy the Area of the greater End, by the Area of the leſſer end, and 
extract the ſquare Root of the Froduct. Add the ſquare Root to the Areas of 
both ends, and the Sum multiplied by + of the Fruſtums length, the Product 
is the Solidity required. 

Tux Superficies of the Fruſtum of the triangular Pyramis A, Plate LXXIII. 
is the 3 Trapezoids, a bc d, db bf, cf 1 3, and two equilateral Triangles 1 2 3, 
and c df, in Fig. B. The Superficies of the Fruſtum of the Pyramid C, is the 
four Trapezoids ab5 8, 8247, 6 7 ef, 1 and the two geometrical 
Squares, 1 2 3 4, and 5 867, Fig. D. 'The Superficies of the Fruſtum of the 
OQangular Pyramis, Fig. E, are the four Trapezoids on each fide, and the two 
Octagons wv, and a5 gf, &c. The Fig. F, is alſo the Superficies of the Oc- 
tangular Fruſtum E, where the Trapezoids 1 235 6789 are its ſides. The 
Octagon F its Baſe, and the Octagon 4 its Top. . 5 
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Tur Superficies of the Fruſtum of a Cone, Fig. 8. io x LXXIV is the im- 

- Su VIE. To afar 3 123 5518 ! 
vLEs XVI 0 mea ty of a Priſmoid, or irregular 

* 2 , end are prope enable, Fg. G. Plate IX Null. 

To add half 6 7, which mu a the Breadth, and reſerve 

the LEAN To 6d, add half Fh w _——— ed the leſſer Breadth, to 

which add the former Produc reſerve, and the Sum being 1 wana by 4 of the 

Perpendicular Height, the Product is the Solidi 


Parallelograms 3 and 6, Fig. H. 
RuLts XIX. To — 2 the Solidiiy of as obligue Fragment of a Cylinder, as 
"SQ Fig. P, Plate LXXIV. 
As 1 : the Area of its Baſe a, : : half its Length: : Gn halle 
Superficies of this Fragment, is the Iſoſceles EE FE: the Ulk f, 2 the 
_ Circle 4 
* Fig. Z is a double n whos Su rficies is the two Elli 70 e and 
J. and geometrical Square 1 f ; is * . 6, which 
is 2 of a Fragment 2 — er 542 
Rur XX. Jo meaſure the 2 Ty "a Gold —_ Ends are oblique to its. 
Axis, as 
By Run XIX. meaſure the ot. Ze a * TY 99 and add their 80 
lidities to the Solidity of the Cylinder p g, the Sum i 11 the Solidity required. 
The Superficies of this Cylinder, is the Able Trapezoid / g, bg ki, and the 
two Ellipſis's c and d. The Figures EI K. 1 Examples of this kind, 
whoſe Superficies produce different Figures, according to the various Sections of 
their Ends, which I have added for Examples of this kind. 5 
RuLs XXI. To meaſure the W Cone, as bd e, Fig. A B, Plate 
As 1 : the Area of its Baſe, : : 5, of its Altitude, : its Solidity required. 
The Superficies of this * is the cutved Figure 8 27, the Circle gory, 


A Kl, To fue Fr Cone, whoſe Ends are oblique 
Rur XXII, To meaſure the Fruſtum of a Cone, & Ends are to the 
py AD, packed ors | 


Axis, as Fig. A 
FinsT, meaſure the the Fraun, as a Fruſtum, whoſe Baſe is right angled to the 
Axis, and from that Solidity deduct the Fragments that are deficient at the 
Ends, and the remains will be the Solidity required. 

Tus Superficies of theſe Fruſtums, are laid out as following, Fig. A B. On 2, 
deſeribe the Arch c . Cc. e, equal to the Circumference of the Baſe of the 
Cone, which divide into 8 equal parts, at the Points m /4i, &c. and draw the 
Lines a , al, ah, Cc. Draw bi parallel to dc, and divide 1 c into 4 equal 
parts. Nlake 4 5, 4 11, each equal to a 4; make a6, à 10, each equal to à 3, 
make 4 7, a 9, each equal to l equal to @ 1. Through 
Points 11, 10, 9, 8, and 7, 6, 5 ; trace the Curves e 8, and 8; then the 
Figure c8 ei c, is the Superficies of the ſide. N AC, and A 
are deſcribed in the fame manner, 


as Superficies or this Fruſtum, is the + Trapeeads. 1245. e 2 
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PART V. 
Of Plain TR IGONOMETR „ Geometrically 
— | performed. 


„ HRCTURE LT 
Of the Solutions of plain Triangles. 


„„ b I. DeriniTioONs. 

F RS T, plain Triangles are right-angled or oblique-angled. Secondly, à 

right - angled Triangle, is ſuch a Triangle as hath one right Angle, and 
two acute Angles, as the Triangle A, Plate LXXV, whoſe Angle 5 C a, is a 
right _ and the Angles c ba, and 6 a c, are both acute Angles. Third- 
ly, an oblique Triangle, is ſuch a Triangle as hath one obtuſe Angle, and 
two acute Angles, as the Triangle B, whoſe Angle 6 c a is obtuſe, and the 
Angles cba, and c ab, are both acute Angles. Fourthly, In every right 
angled plain Remy that fide which ſubtendeth (or is oppoſite to) the right 
Angle, as ba, in Figure A, is called the Hypothenuſe ; and of the other two 
ſides, the one as c a, is called thegaſ; and the other, as c 6, is called the Perpendicu- 
lar. Fifthly, in every oblique plain Triangle, as Pg. C, the longeſt fide is ge- 
nerally called the Ba/e, as c az but ſometimes one of the other two ſides is 
made the Baſe. Sixthly, In every right-lined Triangle, the Sum of the De- 
grees contained in the three Angles, are equal to 180 Degrees; therefore if you 
have any two Angles given, you have alſo the third given, it being the Com- 
plement to 180 Degrees. Seventhly, And as in a — plain Tri- 
angle, the right Angle contains 90 Degrees, therefore if any one of the two a- 
cute Angles be given, the other acute is alſo given, becauſe it is the Com- 
plement of the other acute Angle to go 0 ; or of the other acute Angle 
and right Angle to 180 Degrees. Eighthly, In all plain Triangles whatſoever, 
the ſides are proportional to the fines of their oppoſite Angles. - 

Ta Solutions of plain Triangles, has always conſiited of 12 Caſes, but 
herein I have reduced them unto 8 Caſes, of which 4 are of Triangles right- 
angled, and 4 of Triangles oblique ; and which anſwer every Particular exactly 
the ſame, as thoſe of other Authors, divided into 12 Caſes. 

85 I. Of right-angled plain Triangles. 

In the Solution of right-angled plain "Triangles, there are always two parts 

given, as two ſides ; or an Angle and one ſide ; to find a ſide or an Angle re- 


quired, - 
CASE I. Fig. A. Plate LXXV. 

The Baſe ca 80 Feet, and Perpendicular © b 60 Feet, being given, to find the acute 
Angles c ba and bac, and the Hypothenu/?. | 
Make c (by a Scale of Feet) equal to 80 Feet, and c equal to 60 Feet, and 
draw 6 a, which is the Hypothenuſe required. With 60 degrees of Chords; on 
the angular Points 6 and a, deſcribe the Arches ed and g /, which being meaſur- 
ed on the Scale of Chords, ed will contain 52 deg. 30 min. and g f 37 deg. 


30 min. which are the Angles required. 
CASE II. He. A. Plate LXXV. | 


The Hypathenuſe b a 100 Feet, and the Baſe ca 80 Feet, being given, to find the a 
cute Angles, and Perpendicular b. 
Az : Mars 
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I. of right-anglec plain Triangles, find the Quantity of each Angle. 
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Maxx ca equal to 80 Feet; erect the Perpendicular e 6 of length at pleaſure; 
on a, with the length of 100 Peet, interſect the Perpendicular at 5, and draw 
D Tnanch Ailgle, © in Cole land Few 
be the Perpendicular required. | : | | | 

| Cassz IN. Fg. A. Plate LXXV. 


Me Baſe ca 80 Feet, and the Angle ca b, oppoſite to f n deg. 30 
ente b 


min. being gi ver, to find the Perpendicular c b, an mu} I 

Max c a equal to 80 Foot; ere the Perpendicular'c & of length at pleaſure'; 
make the Angle þ a c equal to 37 deg: o min. and draw the Line @ 6, which 
will cut the Perpendicular in 6, then 5c is the Perpendicular, and 5 à is the Hy- 


pothenuſe required. | 

The Hypothenuſe b S He a ag? poſie Je Baſ 

| thenuſe b a 100 Feet, the: c ba 82 deg. 30 min. e to the Baſe, 
—4 roo to find the Length of the Baſe c Fr * of the 8 cb. 
Draw 6 @ equal to 100 Feet; make the Angle ch A equal to 52 deg. 30 min. 

and draw bc of length at pleaſure; make the Angle ba c equal to the Comple- 

ment of the Angle cb a, and draw the Line ac, which will cut bc in c 

ta is the Baſe, and be the Perpendicular required. . | 

FT -  b. Of lie angie plain Triangles. 1 
In the Solution of oblique - angled plain Triangles, there are . three parts 

given, as two Sides and an Angle, or two Angles and a Side, to a Side or an 
ngle required. | | | | | 

n Cass I Hg. B. Plate LXXV. 


Tao Sides, and an Angle oppoſite 2 of [1 Sides, being given, to find the 
: | third Side. . 5 
Tuis admits of three Varieties, as, | 


| Firſt, The Baſe ba 100 Feety and Side he 50 Feet, wuith the Angle ba © 28 degr. 


oppoſite to the Side be, being given, to find the Side ca 60 Feet, | 
ak E Sa equal to 100 Feet; on 6, with the length of 50 Feet, deſcribe the 
arch dc at pleaſure; in any part of 6a, as at h, make an Angle, as 6h e, equal 
to the given Angle 28 degrees; from a, draw the line ac parallel to h e, which 
will cut the Arch de in c, then the line c @ is the length of the Side required. 


| Secondly, The Baſe c a, Fig. C, 100 Feet, and Side ba. 50 Feet, with the Angle 
c ba 110 degrees, offoſite to the Baſe Ca, being given, to find the Side c b bo 


Feet. © 


Mak ba equal to 30 Feet; make the Angle cb a equal to 110 degrees, and 
draw bc of length at pleaſure; on c, with the length of the Baſe 100 Feet, in- 
terſe the line ic in c, then c6 is the length of the Side required. 

Thirdly, The two Sides e b 60 Feet, and ba 50 Feet, with t /e bc a 28 de- 

ee oppoſite to the Side ba, being given, te find the length of the Baſe Ca 100 

ect. a | 

Draw ca at pleaſure; on e make the Angle a cb, equal to the given Angle 
28 degrees, and make cb equal to 60 Feet; on 6, with the length of 50 Feet, 


interſect the line c@ in a, then ca is the length of the Baſe required. 


Cassz II, Fig. C. Plate LXXV. | 
The Brje ca 100 Feet, and the Side c h 60 Feet, 'with rhe Angle bea 28 degr. 
contained betaveen them, to find the third Side ba, and the * e b a and ba c. 
Max ca equal to 100 Feet; make the Angle bc a equal to 28 degr. and the 


Side c 6 equal to 60 Feet; draw the Line ba, which is the third Side required ; 


then meaſure the Angles cb @ and bac, as in Cass I. of right-angled plain Tri- 


angles. | N i 

| _ Casez III. Fig. C. Plate LXXV. 

The three Sites ca 100 Feet, cb 60 Feet, and ba 50 Feet, being given, to find 
all the Angles. 


By Pron, I. LOT. IV. Par II. complete the Triangle h ce, and by CAsE 


Cast 


251 * 
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N Cass IV. Fig. C. Plate LXXV, 

Laos Angles, as bea 28 dr. bac 42 dr. and one Side, as cb 60 Feet, being 
| given, to find the other tavo Sides ba 50 Feet, and ca 100 Feet. 
Marz es equal to 60 Feet; make the Angle bc @ equal to 28 degr. and the 


Angle bac equal to 42 depr. continue out the Lines ba and c a, and they will 


interſe& each other in the Point az then c @ and 5 @ are the two Sides required. 
: Mee. The Doctrine of plain Triangles, perform'd by the Tables o 3 7 
rithms, Sines, Tangents and Secants, [25g more difficult to be underſtood by 
Learners than the receeding,and as to have added thoſe Tables would have ſwelled 
the whole beyond its intended Bulk and Price : I therefore omitted the Analogies 


and Tables, which, if this Work be favourably accepted, I will publiſh h 


in a ſeparate Volume, 
-ERCTVURE I. | 
Of Menſuration of Heights and Diſtances. 
TE proper Inſtruments for theſe Purpoſes, are a Quadrant, as Fig. D, and 


- 2: Mi © n ten Foot Rod; Chain, Se. 


| Pao. I. Fig. F. Pl. te LXXV. 
To take the Altitude of an Object, as the Obelick bn, by the Help of a Quadrant. 
Move from the Object, until, looking through the Sights of the Quadrant to 


2 the wap the Qbject, the Plumb-line cut 63 degr. 20 min. on the Limb, as 


at +; then the ht of your Eye being added to your Diſtance from the cen- 
tral Line of the Object, is equal to 3 the Height of the Object: Or move back- 
ward, untit the Plumb-line cut 4 degr. as at i, and the Height of your Eye 
added to your diſtance as before, the Sum is the Height required. And ſo in like 
manner, moving backwards, until the Plumb-line cut 33 degr. 20 min. as at 4, 


then J of the diſtance is the Altitude. And at J, where the Plumb-line cuts 26 


r. 34 min. the diſtance is double the Altitude. 

f any Obſtruction is between you and the Object, ſo that you cannot meaſure 
to its Baſe, then go nearer, or farther, until the Plumb-line cut 26 degr. 34 min. 
as at /, and there make a Mark on the Ground ; move backward in a right Line 


with your firſt Station and the Object, until the Plumb-line cut 18 degr. 26 min. 


as at n, then the diſtance between your two Stations / and mz. is equal to the Al- 


titude required. | | 

; | Pros. II. Fig. G. Plate LXXV. . 

To find the Altitude of an Obje4, by knowing the length of its Shadow. 

SET up a Stick of any known length, ſuppoſe 3 Feet, as 4s ; let the length of 
the ſhadow of the Object be he, and of the Stick g; then, as the length of the 
fhadow of the Stick, is to the Height of the Stick; ſo is the length of the ſhadow 
of the Object, to the Height of the Object. 

Pa O B. III. Fig, H. Plate LXXV. 


Do take the Altitude of an Obje# that is acce/ible, by the Help of @ ! m 7ect Rod 


| | and a Stick only. 
Let the Obelick a b be an acceſſible Olject, whoſe Altitude is required. 
ExecrT a ten Feet Rod in any Place, as at u, and a Stick, as nf, equal to 


the Height of your Eye, at any diſtance, in a right Line with the Building; lool 


from the Top of the Stick, level to the Building, and againit your Ray of Sight, 
at the 10 Feet Rod, make a mark, as at e; cauſe a ſecond Perſon to ſlide a piece 
of Paper up the 10 Feet Rod; ſo that, looking from the Top of the Stick /n, to 
b the Top of the Object, you ſee the Top of the Paper, as at d, at which Place 
make a mark: This done, meaſure the diſtance of the two marks on the 10 


Feet Rod, e and 4, alſo the diſtance ef; then as ef is to e d. ſo is cf the dil- 


tance of the Stick from the Object, to c the Height of the Object above the 
Level- line c f; to which add the Height of the Stick 2 /, and the Sum is tag Al- 
titude required. 1 5 : | 
A 1 Aa 2 Pa oB. 
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N „ ase, IV. Fig. G. Place LXXV. e Vo nts 
To take the Altitude of an Object that is inacceſſible, by its Shadow. 
Surros the ſhadow of the Object reach from & to e, and, at the ſame time, 
the ſhadow of a Staff reach from e to g; at about two or three Hours aſter, 
when the Sun is rifen conſiderably higher, place down a mark at the End of the 
Object's ſhadow, which ſuppoſe to be at c; alſo, at the ſame time, make a mark 
at the End of the ſhadow of the Stick, ſuppoie at F; now, as the Triangle 4/ g 
is fimilar to the Triangle ace, and as the Triangle de / is fimilar to te ri- 
angle a ch, therefore, as /g is to the Height of the Staff de, ſo is ce to the 
Height of the Object required. 


| ProB. V. Fig. I. K. Plate LXXV. 
To meaſure the Altitude of a Hill or Mountain, by the Help of a Spirit-Level ' 
a2 Station Staffs. 5 
(t.) Exer your Level truely horizontal on the Top, as at 5, and directly a- 
_=_ the Inſtrument, let a ſecond Perſon hold up a ſliding Station- taff, with a 
Vane fix'd thereon, which he is to move up, until, looking through the Sights 
of your Level, you ſee its upper Edge, as at 1: This done, let the ſecond Perſon 
write down the Number of Inches and Parts of Inches that bis Vane is above the 
Ground at m, and let a third Perſon write down the Number of Inches and Parts 
of Inches that your Inſtrument is above the Surface of the Ground at 5. (2.) Re- 
move your Level down the Hill, as to 4, and your zd Aſſiſtant to 4, and let 
your zd Aſſiſtant ere& his Station-ſtaff at n, the Place where your zd Aſſiſtant | 
firſt ſtood: This done, fix your Inſtrument truly horizontal, and looking to your 
34 Aſſiſtant at , let him ſlide up his Vane until yon ſee its upper Edge, at 
which time he is to ſet down, under the Height 1 the Inſtrument obſerved at 
5, the Inches and Parts of Inches that his Vane is then above the Ground; 
alſo look to the Station-Staff of your 2d Aſſiſtant, and cauſe him to ſlide up his 
Vane, until you ſee its upper Edge, as at J, and let him place down the Inches 
and Parts that his Vane is above the Ground, under his firſt Height obſerved at 
m. Proceed in like manner at every other Obſervation, as may be required to 
deſcend unto the Bottom at 5. (3.) Let each Aſſiſtant add into one Sum, the 
Heights of his ſeveral Obſervations, and then that of your 3d Aſſiſtant's being 
ſubtracted from that of your 24 Aſſiſtant's, the difference is the Altitude of the 


Hill required, | | | 
| Przos. VI. Fig. P, O, M. Plate LXXV. 25 
N To meaſure an inacceſſible Diſtance. 5 
Inacces5sIBsLE Diſtances may be meaſured by many Methods, as, 
Firſt, To ſind ibe Diflance of the two Trees 7 and 8, Fig. P, which is ren der d in- 
acceſſible by the River bb. # 
— Assi any Point on the Ground, from which you can meaſure directly un- 
to the two Objects 7 and 8, as the Point 9; continue 7, 9 unto 11, and 8, 9 
unto 10, — the diſtance of , 11 equal to 7, 9, and the diltance of 9, 10. 
_ 8, 9, then the diſtance from 10 to 11 is equal to the diſtance of 7, & re- 
uired. ; | 0 | 
Secondly, To fird the Diſtance of the Tree at r, in Fig. M, from the Point v, 
aobich is render d inacceſſible by the River bb. | 
ImMaciINng a Line ta be drawn from v tor, and thereon ere the Perpendicu- 
lar vv, of any Length, and let r be continued at pleaſure towards y, which 
may be done by ſtraining a Pack-thread Line from v towards y, in a right 
Line with vr. In any part of the Perpendicular v a», _ a Point as w, and 
at any diſtance from you, place a Stake in a right Line between a and r, as 
at 5; alſo another on the Perpendicular, at any diitance from «v, as at z. Make 
the Triangle wv 7 x, equal to the Triangle av s 7; and continue ev x, until it 


meet the Line v in y; then the diſtance v, is equal to the diſtance vr, re- 7 
1 ed. ; : a | 
WOT | | 8 Thirdly, 


r 


%%„%éͤ £459.40. £2 AS. 
<3" 


7 


- 


ES, - Plain TRIGONOMETR v, Geometrically perſorn'd 181 


Thirdly, To find the diſtance of the two Trees, 12 and 13, Fig. O, which is 
5 rendered inacceſſible by the River d. 
_ Afign a Point as 16, from which you can meaſure to both the Objects. 
Place two Stakes at any diſtance in right Lines, from the Point 16, to the two 


Objects, as at the points ; ng 15. and meaſure the ſides of the Triangle 1 


15, 16, alſo the diſtances from the point 16, to the Objects 12 and 13. 
Paper, with a Scale of Feet, make a Triangle, whoſe reſpective ſides 1. — * 


; _ to the meaſures of the ſides of the Triangle 14, 15, 16, and continue out 


e ſides, reſpecting the ſides 16, 14, and 16, 15, each equal to the meaſures 


| of 16, 12, and 16, 13. Then the. diſtance between the Extremes of thoſe 


Lanes, being meaſured on your Scale of Feet, will be the diſtance required. 
Pao. VII. Fig. N K L. Plate LXXV. | 
To meaſure an inacceſſible Diflance, by help of a geometrical Square, rigbt- angled 
| or equilateral Triangle. 
Erf. To meaſure the diſtance 5 b, Fig. N. i is rendered inacceſſible by the - 
River c, by help of a geometrical Square, MY. 
IMAGINE a right Line to be drawn from 5, to the Object 5, which continue 


: towards 4. On the Point 5, erect the Perpendicular 5 z of length at pleaſure, 


and therein aſſign a Point as z, where with a piece of Board, made a geometrical 
Square, apply, its Angle over the point z,and direct its fide æ 1, to the Object h; alſo 
at the ſame time, cauſe an A t to move along the Line 5, 4, until by the 
fide of the geometrical Square z 3, you ſee his Station-ſtaff — at 4. This 
done, meaſure the ſides of the Triangle 5 x4, and then as the fide 5, 4, is to 


the Perpendicular z 5, ſo is the Perpendicular z 5, to 5 5, the diſtance be- 


quired. | | 
Secondly, To meaſure the diſtance | k, F is L. which is rendered inacceſſible by 
ates . the River b. | 
BEIN a furniſhed with a piece of Board that is an equilateral Triangle, as / nx, 
apply one of its Angles over the Point /, and direct a fide, as / n to 4, and at 
e ſame time direct an Aſſiſtant to fix up a Station- Staff in a direct Line with 


the other ſide /x, at any diſtance from you, as at p, and then ſet up a Mark 


in the point /, This being done, move along the Line / p, until by the fides of 


the equilateral Le you can ſee both the Mark ſet up at /, and the Object 
0 


at 4, which you will do at the point p ; then the diſtance of /p, is equal to the 


diſtance / & required. 
Note, In the ſame manner, an inacceſſible diſtance, as fa, Fig. K. may be 


found by a right-angled plain Triangle, as ef g, whoſe tides ef, and / g., are 
equal, as is evident to Inſpection. . | 
1 Pros. VIII. Fig. Q. Plate LXXV. | 
To meaſure the diſtances of divers Objecti, that are inacceſſible at tao Stations, b 
the help à common ſmall Table, or Joint Stool, and a ſireight Rule, with 
erpendicular Sights fixed at each end thereof. a 

ps the ſeveral Objects be abc d, and the two Stations 74, at 100 Feet, 
Yards, &c. diſtance. 

BeincG furniſhed with a ſtreight Rule, about two Feet, or two Feet and half 
in length, with perpendicular Sights ſo fixed at each end, that the flits of the 
Sights, ſtand perpendicularly over the thin Edge of the Rule, (which 1s genera!- 
ly called an Index) and a ſmall Table or Stool, that hath a ſmooth and even 
Surface, proceed as ſollows, wiz. With a Scale of Feet, Sc. draw a Line in 


the middle of the Table, as i 4, equal to 100 Feet, the diſtance between the ta 


Stations; and then being at one of the Stations, as at z, lay the Fdge of the 
Index, to the Line #4, and move the Table, until through the fights of the In- 
dex, you ſee the other Station #, and there fix your Table fait. On the potat 
i on your Table, fix a Pin, and applying the Edge of your Index to the Pin, 


look through the Sights, to the ſirſt Object at @ ; and draw a Line from the 


Pin, by the Edge of the Index at pleaſure, as 14. Move your Index in Iite 
manner, to every of the remaining Objects, draiving Lines from the Pin, ty- 
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nd Station, and 2-3 hoy ug 7 on your Table, towards the Sta- 
1 


tion lay your Index to the on your Table, and move the Table, until 


through the Sights you ſee your firſt Station, and there fox your Table faſt. 
Fix a Pin in the point I on. your Table, and then applying the fide of the Index 


to the Pin, direct the Sights unto every of the Objects, and draw Lines as 


| before, at the firſt Station, which will interſe& the former in the poi abed, 


and whoſe diſtances, (or the diſtances from the two Stations and #) being mea- 
ſured on the ſame Scale, by which the Line 7# was drawn on the Table, will” be 


the true diſtances of each Object required. 


taken, if all the Angles are conſidered as fo many different 


Note, By the ſame Method of working, the Plan of any Field may b. 
; 20a. and ea be 
all ſeen at each Station. | | 9 0 
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PART VI. 
Of SurxveringG LANDS, Oc. 


E uſual Inſtruments for this purpoſe, are — the Plain Table, 
Theodolite, Circumferentor, mA in : but as the ho firſt are Inſtru- 


ments of great Expence, beyond the reach of common Workmen, for whoſe 


ſake I have publiſhed this Work, I ſhall therefore give ſome few Examples, to 


| ſhew, how by the help of a ten Foot Rod, or Chain, and a Joint Stool or Table, 


they may make the Plan of any piece of Land, that is not of very great Di- 
win oem þ with the utmoſt Exattreſs. ES, | oe icy 


N. B. The Chain is that which is called Gunter's Chain, whoſe Length is equal. 
2 — 8 Poles, or 66 Feet, divided into 100 Links, each 7 Inches and 27; in 


POB. I. Fig. 8. Plate LXXV, 

Do mate the Plan of an irregular fide of a Field, as ihg fedcab. 
Maxx an Eye-Draught on Paper, expreſſing the ſeveral Angles, and therein 
draw the occult Line 4 4; as alſo the ſeveral perpendicular Off-ſetts 12 5, 42 g. 
56 PE &c. This done, in the Field, meaſure in a right Line from i, towards a, 
and when E come againſt the Angle 5, as at the point 12, write down on 
your Eye · draught, the diſtance meaſured from i. as alſo the length of the Off- ſet 
12 h, which place on the Off ſet. Proceed in like manner, to meaſure the remain- 
ing diſtances to every Off- ſet, and the length of each Off- ſet. This done, draw a 
Line on Paper, and with a Scale of Feet, ſet off from i, all the ſeveral diſtances, 


1 1 12, 542, i $0, &c. and from thoſe points erect Perpendiculars, making 


each equal to their reſpective Meaſures in the Eye-draught, and then right 


Lines, as ih, hg, g f, Cc. being drawn from i to h, from 5 to g, from g to /; 
Oc. they will be the Plan of the irregular fide of the Field as required. 


Note, If the fide of the Field be curved, as Fg. R, then take Off-ſets at every 
remarkable bending, as at hg e ik, c, which meaſure and plan as before, and 
through their Extremes trace the Curve, as required. | 
Pros. IT. Fig. V. Plate LXXV. 
To make the Plan of a Field, by the help of a Chain only, a: Fig. acdgfe. 
Maxe an Eye-draught of the Field, and divide it into Triangles. Meaſure 
the ſides of the Field, and of every imaginary Triangle, which place on each 
rei pective ſide, with a diagonal Scale of Chains and Links, as expreſſed by 15 


yards each Object, as at firſt. This done, remove your Table unto your | 
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wv. 
/ Triangles, as 8 in your Eye-draught, and they will complete the Plan of 


an 
To make the Plan of an _ _— _ by help of the Chain only, as 

1 C e 1 . 
Fisser fix up Marks, ſuch as - 
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Plate IX. By Pros. I. LECT. IV. Part II. delineate all the ſeveral 


Fr are fixed into the lie ends of 

Sticks, at proper places, as at ö c ſs hik, and imagine Lines to be drawn 

from one to the other, as be, cd, de, ef, Ec. Aſſign a Station towards the 

middle of the Field, as at a, and imagine right Lines to be drawn from thence, 

unto the ſeveral Marks at þ cd ef, Oc, which will divide the whole into ima- 

8 les. Make an Eye-draught as before directed, expreſſing every 
e, Oc. 


Br Pros. II. hereof, meaſure and delineate the ſeveral Triangles; and by 


Pros. I. meaſure and delineate the Off- ſets on the Our-lines of the ſeveral Tri- 
angles, neceſſary for deſcribing the curved Boundaries, which will complete the 
whole, as required. 

Mete, Chains and Links are thus written; viz. 3 Chains, 75 Links, as from 
þ to a, thus, 3 : 75, and two Chains, and 10 Links, as from c to a, thus, 2 


2.10, Tc. | 
Pros. IV. Fig. AC. Plate LXXV. 

To make the Plan of a Field, whoſe Angles cannot be all ſeen under three Sta- 

tions, as at a de, by help of a Table and Chain. 

As$1GN 3 Stations in the Field, as a 4c, at any diſtances, ſuppoſe à d, at 3 
Chains diſtance, and 4 c, at 3 Chains, and 35 Links. Draw a Line on your 
Table, by your Scale of Chains and Links, to repreſent 3 Chains, the diſtance 
between the Stations à and 4. Place your Table in the Field, over the ſtationary 

int 2, and laying your Index on the Line 2d, move the Table about, until you 
ſee the Station d, and there make your Table faſt, Fix a Pin in your Table, ar 
the point a, and laying your Index thereto, direct the Sights to the ſeveral An- 

les mn ov w x 3, and draw right Lines from the Pin, towards each Angle. 
— the diſtances from your Station a, unto every of the Angles, and from 
your Scale of Chains and Links ſet from the Pin, on each Line, as a u, an, ao, 
aw, fc. their reſpective Lengths, as 2: 75 ; 3:753 3: 65 ; &c. and draw 
the Lines mn, no, ov, vw, w x, and'x 3. Move your Table to the ſecond 
Station 4, and laying your Index on the Line a d. move the Table about, un- 
til through the Sights you ſee your firſt Station at a, and there make it faſt. Fix a 
Pin in your Table at the point d. and lay ing your Index to the Pin, turn it about, 
until through the Sights you ſee your third Station at c; and by the ſide of the 
Index draw the Line 4 c, which make equal to 3 Chains, 25 Links, the diſtance 
of the third Station c from d. Alto, from the Fin on the Table, direct the In- 
dex to the Angle . and draw the Line 4 y, equal to its meaſured . and 
join the ſide 3 y. Remove your Table to c, the third Station; lay the Index on 
the Line 4c, and move the Table about, until through the Sights you ſee the 
Station d, and there make it fail. Fix a Pin in your Table, at the point c, and 


| laying your Index thereto, direct the Sights to the Angles x Y i, and draw 


Lines towards each Angle, equal to their re meaſures, from the Station c. 
Then the right Lines yz, 2 b, +7, il, ani In, being drawn, they will com- 
plete the Plan, as required. | N : 
Peos V. Fiz. AC. Plate LXXV. 
Jo make the Plan of a Field, by gn about it without ſide, by help of a Tableand 
| Clam. 

Fixsr, go about the Field, 2nd at proper diſtances make choice of Stations, as 
at a, p. 9, 7, 5, &, whereat fix up Stiche with Paper as aforeſaid. Ihen beginning 
at any one Station, as at a, mez{iurc ditance from à to g. and from à to p. 
Draw a Line on one fide of Your Late, on which ſet from your Scale of 28 

| . an 
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and Links, the Length from à to g, place your Table over the point 2. Lay 
your Index on the Line repreſenting the Line a g, and move the Table about un- 
til through the Sights, you ſee the Mark at g, and there make it faſt. Fix a 


Pin in your Table at the Point a, and laying pur Index to the Pin, direct the 
t 


— — to the mark at p, and by its Side draw the Line ap, ue to its Length 
ore meaſured. By Pros. I. hereof on the Line @g, meaſure and delineate 
the off-sets bo, cn, d n, alſo the off-set + /, from the off-set 4m ; then ez, and 
h, alſo the off. sets ? and ii a, on the Line ap. Through the Extreams of 
the aforeſaid off-sets draw the Lines wv v, wo, on, 2m, ml, Ii, and ih. 
P.ace your Table over p, and laying the Index on the Line p a, move your 
Table about until through the Sights, you ſee the mark at @ and there make it 
faſt. Fix a Pin in your Table at the Point 7; and laying your Index to the Pin, 
direct the Sights to the mark , and by its ide draw the Line pg, which make e- 
ual to the Titance that the mark at g is from the Station at p. Meaſure and 
elineate the off-set g x, and draw the Line av x. Repeat theſe tions at the 
Stations gr 5, and you will complete the whole as required. 


Note, By the ſame Rule, the Plan of a Field may be made, by going about it 


3 T. Plate LXXV. 

225 To make the Plan of an encloſed Road, Street, &c. | | 
Firft, Make choice of proper Stations as at s# and v, at which places fix up 
marks as aforeſaid ; meaſure the Diſtances , and z v, draw a Line on your 
Table, to repreſent the Line ? v, on which from your Scale of Chains and Links, 
ſet its meaſured Length. Place your Table over the ſtationary Point z, and lay- 
ing the Index to the Line ? v, move the Table about until through the Sights, 
you ſee the mark at v, and there make it faſt, Fix a Pin in your Table at the 
point t, and laying the Index to the Pin, direct the Sights to the mark at 5s, and 
by its Side draw the Line , equal to its meaſured Length <I_ | 

By Pros. I. hereof, meaſure and delineate an et againſt every Angle, 
contained in the two Sides of the Road or Street, and right Lines being drawn 
to their Extremes will be the Plan of the Road or Street as required. 
| Pros. VIII. Fig. XX. Plate LXXV. 

Do make the Plan of an irregular Wall, by the help of a ten Feet Rod only. 

Firſt, Make an Eye-Draught as W W, and thereon ſet down the Length of 
every reſpective Side, contained in Xx, X; and then proceed to meaſure the 


Angles as following, vix. | 50. | 

(i) To meaſare T Angle x a e, imagine the Side X a, to be continued 10 feet 
as from à to 6, alſo ſet 10 Feet from à to c, and meaſure the diſtance hc, which 
ſuppoſe to be 5 Feet. Place the Meaſures of this Angle on your Eye-Draught 
as at abc. (2) To meaſure the Angle aci, let 10 feet on each Side the angular 


Point e, as to 4 and /, and meaſure the Line Fa, which ſuppoſe to be 20 Feet, 


within fide, as fignified in Fig. V. by the ſtationary Diſtances, IM gr... 
| ig. Hee 


Place theſe Meaſures on the Eye-D;aught, as at def. Proceed in like manner to 


take the Meaſures of all the remaining Angles, at i mp r w, &c. 
To delineate this Plan from the Eye-Draught. 7 

Maxe Wa, equal to 21 feet, the Length of Xa, on a in Fig. W. with a 
Radius equal to 10 feet of your Scale, by which you delineate the Plan. De- 
ſcribe an Arch as he, make bc equal to 5 feet, and through the point c draw 
6 c equal to 5 feet, and —_ the point c draw ae equal to 32 feet; the 
Length of the Side ae. On the point e with a Radivs of 10 feet deſcribe the 
Arch 4½, and therein ſet 20 feet from 4 tof, Through the point /, draw the 
Line ei, equal to 23 feet, the Length of the Side ez. Proceed to deſcribe the 
remaining Angles and Sides, in the ſame manner, which will complete the Plan 


as required. | 
| Pros. IX. Fig. AB. Plate LXXV. 
: | To make the Plan of a Serpentine River, 
Fi, Aſſign ſtationary Diſtances, as fe da cb, and fix up marks as aforeſaid. 


Make an Eye-Draught of the whole, meaſure the ſtationary Diſtances, an] ſet 
1 their 


w 
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their meaſures on their reſpective places in the Eye-Draught. Draw a Line 
on. _ Table, to repreſent the Line @ 5, which 5 Kale of equal parts 
make equal to 3 Chains 20 Min. its meaſured Lich: place your Table 
over the ſtationary point a. Lay your Index to the Line 24 on your Table, and 
move the Table about until through the Sights you ſee the mark at , and there 
fix your Table faſt." Fix a Pin in your Table on the point @, apply your In- 
dex to the Pin, and direct the Sights, firſt to c, and then to 4, drawing Lines 
on the Table towards the ſtationary Marks c and 4, which by your Scale of 
Chains and Links, make equal to their reſpective meaſured 24 vix. ca, 

; ereof meaſure 
and delineate proper Offsetts, and through their Extremes trace the Curvature 
of the River. Remove your Table to the Station 4, ſetting up a mark again 
ut a. Lay the Index on the Line, repreſenting the Line ad, move the Table 
about until through the Sights you ſee the Mark at a. And make the Table 
faſt, fix a Pin in the Table at the point d, apply the Index to the Pin, and di- 


* 


recting the Sights to the Station e, draw the Line 4e, which make equal to 8 


Chains 36 Links its meaſured Length. Then by Pros. I. hereof, meaſure 
and delineate the Offsets to the Side of the River, which are here deſcribed by 
dotted Lines, and through their Extreams trace on the Curvature of the River. 
Remove your Table to the Station e, and repeating the ſame kind of Operation 


. as at 4, you will complete the whole as required. 


Note, When the Weather is dry, you may ſeal down a Sheet of Paper ſmooth 


on the Table and make your Plans thereon, but if the Weather be moiſt or wet 


the Paper will not do, nor indeed not ſo well as the Table in dry Weather ; be- 


| eauſe Paper is always ſhrinking or ſwelling very ſenſibly, as the temperature of 


the Air is more or leſs dry, which the Table does not, in ſo great à Degree. 
5 4 PROBLEM X. | 
To find the Quantities of Lands in Acres, Roods, and Poles, whoſe Dimenſions are 
| taken by Gunter's Chain. 


RuLe, Place your Dimenſions, and multiply them to- Ch. Lin. 
ther as in Decimal Multiplication, as in the Margin. 27 92 
rom the Product cut off 5 Figures to the right hand, the "10 287 
remains to the left, when any are Acres. Multiply the 
Figures cut off by 4, the Roods in an Acre, and from 195 44 
its Product cut off five Figures to the right as before, the +, 1396 0 
remains to the left when any, are Roods. Multiply 25128 
the laſt 5 Figures cut off, by 40 the Rods in a Rood, and 8376 
from the Product cut off 5 Figures to the right, the e- — 
mains if any to the left are Poles. So in this Example the Acres 110047944 
Product is 110 Acres, 1 Rood, and 36 Poles, which is : 4- 
thus written, A. R. P. — 
8 110 1 36 e Roods 1)91776 
| 5, 49 


| Poles 36) 71049 


= 
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PART VII. Of Mtg CcHANICKS. 


LECTURE I. 
Definitions, of Matter, Gravity, and Motion. 


and the Effect of Powers or PROS in removing the matter of Bodies. : 
| B : 
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1 2. MATTER is an impenetrable, diviſible, and paſſive Subſtance, and there 

1 1 fore has Extenſion and Reſiſtance, which are the 2 of all kinds of Bodi es, 
and whoſe univerſal 18 is Gravity, Gt TY be” at 

3. Gravirty is that Force by which Bodies are carried, or tend towards the 

Center of the Earth, and which is in proportion to the quantity of matter they 
contain, Gravity is abſolute, accelerate or relative ; Gravity Abſolute, is the 
whole Force by which Bodies tend towards the Center of the Earth. Gravity 
Accelerate, is force of Gravity conſidered. as growing greater as it approaches the 
attracting Point, as in Bodies falling. Grawity ive, is the exceſs of the 

| Gravity in any Body above the ſpecifick Gravity of a Fluid, as of Air or Water 
D #& mouis.,. 3 "Ry " ad ; 
4. SyECiFick Gravity is the appropriate and peculiar Gravity or real Weigh 

| en any Species of 3 my and which ariſes from the more or 2 
compaZtneſs of the matter of which Bodies are compoſe. | 
F. Mor ion, is that Force by which a Body continnally changes its Place, 
and therefore is a continual ſacceſiive Mutation of Place. Motion' is either 

Abſolute or Relative, Ab ſalute Motron, is the change of the Locus Ab/olutus of 

any moving Body ; and its Celerity will be meaſured by the quantity of the ab- 

folute Space which the moveable Body hath paſſed h. b 

6. RELATIVE Motion is a Mutation of the vulgar or common place of the 

moving Body, and ſo hath its Celerity accounted or meaſured by the quantity of 
relative Space which the moveable Body moves over. 

J. CsIEA rx, is the ſwiftneſs of any Body in Motion, and that Force which 
is in Bodies moving and whereby they continually move, is called their Momentum, 

which ariſes from their Weight or Quantity of Matter, and the Velocity of their 
Motion wherewith they move. | 5 1 4 

8. Tux Motion of all Bodies is naturally Recti-Linear, and therefore the Ve- 
locity of a Body will be conſtantly the ſame, if no external cauſe obſtru@ the 
Moticn, or make any Alteration in its Line of Direction. 

9. Tur Line of Direction is that Line wherein any Body or Power endea- 
vours to move, that is to ſay, it is the Line of Motion that any Body goes in ac- 
cording to the Force impreſſed upon it. And the change of Places, or continual 
Paſſage of a Body along ſuch a Line, is called its Local Motion. | 

10. VELociTy, is that affection of Motion which is meaſured by comparing 
together the quantity of Space which a Body hath paſſed through, and the Time 
in which it was paſſing that Space. Thus equal Velocity is that, whereby equal 
Space is paſſed over in equal Time. So if two Bodies are put in motion at the 
ſame inſtant of Time, and paſs the length of one Mile in an Hour, Ic. their 
Velocities are then ſaid to be equal. Greater Velocity is that whereby either a 
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1 — Length is paſſed over in the ſame Time (as when either of the aforeſaid 
4 In odies travel two Miles in an Hour,) or an equal Length in leſs Time. As 
| | when the aforeſaid Body travell'd one Mile in half an Hour, c. 
U HN E it follows, that if two Bodies are put in motion at the ſame 
F time, and one travel a hundred Miles, whilſt the other travel but fifty Miles, 


that Body which travels 100 Miles, moves with double the Velocity of the other ; - 
the like is to be underſtood of Velocities trebled, quadrupled, c. 

11. As the Natural motion of falling Bodies ariſes from the principle of their 
Gravity or Weight, and is found by experience to be a Motion uniformly acce- 
lerated, and being attended with the tame Gravity or Weight, at every De- 
gre of Velocity, it therefore comes to paſs, that the Spaces through which 

odies fall perpendicularly, are, zs the Squares of the Times wherein they fall, ac- 
counting from the beginning of the Fall. | 
t As for Example, Fig. I. Plate LXXVI. | 

Tux perpendicular Deſcent of Bodies, is at the Rate of 15 Feet in the firſt 

Second of Time, and in every ſucceeding Second, the Spaces are as the Squares 
of the Seconds, wiz. Ifa Body be 5 A 


= T RTM 
. ">> et 
— 


CCF TOS eG —_—_ oe re 


— 


2 Sg ——— —— ————— FIR . n 
f > 


e a 
Eg rr — oe oe ti. 3 Oo — 
K 


— 


3 


> 


—— 
. 

. — — — ng ora, — 1 

— 3 d 3 bc * 6. Ah 5 


„ —— — — — woe 


LEAN 


W; — 
1 
1 


* oat, * 3 


— 
34 


c 
. * 


1 * RC... £4 3 = A — 


"IS 


ſt 
3 
'# 
d 


from à to 6, has a Force at 
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and in the firſt Second it falls 15 feet as from à to b, at the end of the ſecond 
Second of its falling, it will Rave fell 4 — ab equal to 60 Feet, as to 4 


Which is equal to 2 multiplied in 2, the Square of the Seconds or Times in falling. 


80 in like manner at the end of the third Second it will have fell 9 times 15 Feet, 
equal to 135 Feet, which is equal to 3 multiplied into 3, the Square of the Se- 
conds or Times in falling; and in the fourth Second, 16 times 15 feet, equal to 
240 Feet, as to 16. Hence tis plain that the Encreaſe of Motion in every Mi- 
nute, Oc. is according to the Series of the uneven Numbers, vis. 1, 3, $, 7>9, 11, 


- Ge. which are the differences of the Squares, 1, 4, 9, 16, 25, Ce. 


12. As the Motions of Bodies are accelerated in falling, their Forces are 

thereby encreaſed in the ſame 2 And therefore if the Body à in falling 

—_ to 1 Pound Weight, it will have a Force 

at 4, equal to 4 Pounds Weight, for as its Velocity from @ to 4, is three times 

as great as from à to 6, it will therefore have a Force 3 Times greater at 4 than 

when at , and ſo in like manner in its falling to 16 its Force will be equal to 
16 Pounds, and at 25 to 25 Pounds, c. 

13. Anp it is alſo to be obſerved, that equal Bodies falling on inclined Planes 
whoſe loweſt parts are in the ſame Level, have the ſame Force and Velocity at 
the end of their Falls, as when let fall perpendicular, but imploy a longer Time 
in their Defcents. So if the Body b, Plate LXXVI. deſcend in the perpendi- 


_ cular Line bg, or in either of the oblique Lines bf or bh, it will have the ſame 


Force at f or h, as at g, but it will be longer in falling from b to /, than from 
6 to g, and longer from 3 to h, than from b to / &c 

14. Ir a Body deſcend on an inclined Plane as 46, Fig. C. it will by its ac- 
quired Velocity aſcend another Plane of equal Inclination as bc, unto the ſame 


height, allowing for the reſiſtance of the Air, and Friction of the Plane. 


15. Ir Bodies fall in the Lines cf, Af; ef, bY, af, Cc. deſcribed in the 
Circle — B. they will from the points in the Circumference abc de, come 
to the F at the ſame Time. For as the Lengths of their Lines of deſcent 
are to one another, ſo is their Velocities to each other. _ 

16. Ir a Body as 4 Fig. E. be thrown perpendicularly upward with any 
Force, the Velocity wherewith the Body — will continually diminiſh, till at 
length it be wholly taken away ; and from that Inftant of Time, the Body will 
deſcend in the ſame Line with ſuch an increaſing Velocity, as to fall from à to c, 
with the ſame Force and in the ſame Time, as it was thrown up from c to 4. 
The'like is alſo in Bodies thrown up on inclined Planes; for if in Fig. C. the 


Body à be thrown from 56 to d, with a certain Force, and in a certain lime, 
it will by its own Weight return again to 5, with the ſame Force and in the 


ſame Time as it afcended. 

17. Ir a Body deſcend in the Arch of a Circle as c Hg. D. in the Arch de, 
the Velocity will always be anſwerable to the perpendicular Height 6 -, from 
which the Body fell ; but the Time of the Body's deſcent will be greater from 
eto e, than from b to e. | 

18. No w from hence it follows that the Body a Fig. F. to deſcend the 
Arch Line ac, or the Chord Line ac, will require more ! ime than were it 
to fall in the Perpendicular 5c, but will in all the Deſcents have an equal Force 


at c. 


LECT. Ik 
Of the Laws of Nature. 


T is tobe obſerved, that all the varieties of Motion of Bodies in general, are 
conformable to the following three Laws. | 


Law 


All Bodies continue i» their flate Reſt, or Mhtion, uniformly in a right Line. 


excepting they are obliged lo change that flats, by Forces i npreſel; land therefore it 
ows | | 
Bb 2 | Flas r, 
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Fixs r, If a Body be abſolutely at reſt, and unfurniſhed with any Prin iple, 
| whereby it could put itſelf into Motion, it will for ever continue in the 

place, till ated upon by an external Body. EDS | . 

Secondly, When a Body is put into Motion, it has no power within itſelf, to 
make any change in the direction of that Motion, and therefore muſt move for- 


ward in a right Line, as I have befare obſerved, without declining any way 


whatever. 


' Thirdly, All Bodies endeavour to remain in their ſtate of reſt or motion, and 


therefore ſome actual Force is required to put Bodies out of a ſtate of reſt, ints 
motion, or to change the motion which they before received. This Quality in 
Bodies, whereby they ſo preſerve their preſent ſtate of Motion or reſt, till ſome 
active force diſturb them, is called the Vit hertiæ of Matter. It is by this 
. that Matter unactive of itſelf, retains all the power impreſſed u it, 
and will not ceaſe to act, until oppoſed by as great a power, as that which firſt 
moved it. | # . ; | Fs 

a WII. 


All change of Metian, is projertianal ts the Newer of the owing | Force impreſſed, 
and is always made according to the right Line in Nh that Free is 1 * , 
Tur is to ſay, firſt, If in one Minute of Time, two Bodies, as ac, Fig. G. 


move from à and B, towards {aud d. with equal Velocities, ſo that when the 
y c, which moved from B, may act its full Force 


Body à is arriv'd at 6, the 
againſt the Body at 6 ; then will the Line of direction of the Body a, which was 


in the Line à 4, be changed into the diagonal Line þ e, of the geometrical] Square 
Fb ed; and by the Action of the Body c, on the 1 the Velocity of the 


Body b, will be ſo accelerated, as to paſs in the ſecond Minute, through the Dia- 
gonal & e, the fide of whoſe Square, is equal to a ;, the ſpace which the Body 6 
travelled through in the firſt Minute. Again, if at the end of the ſecond Mi- 
nute, when the Body 6 is arrived at e, another Body ſtrike againſt it at g. with 
the ſame Velocity as þ then has, then will the Line of Direction of the Body 6, 
in the ſecond Minute, which is 5 &, the Diagonal continued, be changed into the 
Diagonal e, of the Square =# ke; and by the Force of this ſecond Body, the 
Velocity of the Body at e, will be ſo accelerated, as to paſs in the third Minute, 
through the Diagonal # e, the ſides of whoſe Square, is equal to the ſpace which 
the Body 5 travelled through in the ſecond Minute. If at the end of the third 
Minute, when the _ 6 is arrived at the point , it be again acted upon by a 
third Pody at n, with the ſame Velocity as the Body at then has, then wil! the 


Line of Direction of the Body at , in the third Minute, which is the Diagonal 


en, continued to p, be changed into the diagonal Line r, of the Square rn 
and by the Force received from this third Body, the Velocity of the Body at =, 
will be ſo accelerated, as to paſs in the fourth Minute, through the Diagonal ar, 
the ſides of whoſe Square is equal to the Space which the Body travelled thro' 
in the third Minute. And if at the end of the 4th Minute, when the Body is 
arrived at , it be again ated upon by a fourth Body, as s, whoſe Velocity is 


equal to that which the Body & then hath, the Line of Dire&ion of the Body at 


7. Which then is the Dia 1 r continued to x, will be changed into the 
diagonal Line , which is directly retrograde, or contrary to its firſt Line of 
Direction from à to 6; and by this laſt additional Force, the Velocity of the Bo- 
dy at r, will be ſo accelerated, as to paſs through the Diagonal r v, of the Square 
K or, in the 5th Minute. In this manner, 5 the continual Actions of Bodies, 
whoſe Velocities are alike encreaſed, at the end of every Minute, the Velocity of 
a Body may be ſo increaſed, as to travel ten thouſand Millions of Millions of Mil- 
lions of Miles in a Minute. E = 
Secondy, That the change of direction is always proportional to the Force im- 
preſſed, is evident by all the preceding Lines of Direction of the Body 6, for 
the diagonal Line be, is the ſame to the Line 3 4, as it is to the Line FH. That 


is, the Angles #6 e, and e b d, are equal, and conſequently the Diagonal - * | 
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which is the ſecond Line of Direction of the Body 5, is perpendicular to the 


_— Fb d, and therefore is a proportional to the Force impreſſed at 6. 
H 


x like is to be underſtood of the Diagonal = e, which is perpendicular to 
the Angle i e #, alſo of the Diagonal = , which is 3 to the Angle 
won and of the Diagonal ro, which is a Perpendicular to the Angle r x, 

c. ; | | 
THarT the encreaſe or diminution of Motion, or the Velocity with which any 


Body is moved by the action of a power upon it, is proportional to that power 


is evident; for if I apply a certain power to a Body, that will make it move 
with ſuch Velocity, as to paſs in one Minute 500 Yards ; to make — ſuch 
Bodies paſs 500 ards in one Minute, will require a Power double to the former, 
becauſe there is double the quantity of Matter, to be removed in the ſame time. 


And on the other hand, if this double Force be applied to either one of the afore- 


ſaid Bodies, which are ſuppoſed to be equal, its Velocity will be doubled, and con- 
ſequently it will travel a thouſand Yards in one Minute. Hence tis plain, that 
the degree of Motion, into which any Body is put out of a ſtate of reſt by any 
Force or Power, will be proportional to that Power; that is, a double power will give 
twice the Velocity, a treble power three times the Velocity, a quadruple power 


LAW III. 
le, or Reaction is always equal, and in contrary direction to impulſe or ation, 
'Te The Actions of ws Bode upon each other * pra gc in contrary 
Direction. | | | 
Wu any Body acts upon another, the Action of that Body upon the other, 
is equalled by the contrary Re- action of that other Bod upon the Firſt, and are 
both contrary in their Directions. The Re- action of Bodies, is cauſed by their - 
Elaſticity, which all Bodies in Nature have in ſome or other, though none 
are perfectly elaſtick. If the Body a, Fig. C, Plate LXXVI. deſcend obliquely 
to &, and ſtrike the horizontal Line at 56, it will by its Elaſticity, re- bound up 


towards c, and the I” Fôc, which is called the _— of Reflection. will be 


equal to the Angle 46e, the Angle of Incidence. The Elaſticity of a Body is 
a Springingneſs of its parts, in the recovery of its Form, immediately after its 
Form has been altered by another Body acting againſt it; as in Wool, when its 
Figure, after being prefſed down is changed, it will, when the Preſſure is taken 
away, ſpring up to, its natural ſtate as before; ſo likewiſe a Bladder, blown full 
of Air, by being 8 on any part, its Form is changed, but the very inſtant 
of time that the Preſſure is removed, it will, by the {pring of Air within, re- 
cover its former Figure; and every Force ſo applied, has at the ſame time 
an equal ſpringing Force acting againſt it, which is the Re- action of the Body. 
So an Hoop of Iron or Wood, truly circular, as 6 g, Fig. I. by being ſtruck 
on, or let fall on the Ground, will at the inſtant of the Stroke or Fall, be 
changed into an Ellipſis as c Feg, but by its Elaſticity, or Springingneſs of parts, 


it will recover itſelf into a Circle again. The Action Re- action of Bodies 
on Water, is very eaſily underſtood ; for if 6 and c, Fig. H. repreſent two Boats 


of equal Magnitude and Weight, floating on a ſtagnant Water, and a Man ſtand- 
ing in 6, by means of a Rope, pull the Boat c unto him, the Veſſel c will re- 
act, and at the ſame time pull the Veſſel 6 towards it, with the ſame Force, 
ſo that both Veſſels will meet at a, which is the Middle between both. Now 


_ *tis very plain, that if the Veſſel c, did not re-at the ſame Force on the Perſon 
in the Veſlel & as the Force of the Perſon in 6, acts on c, they would not meet 


at a. | 
Now, ſince by this tis plain, that Action and Re- action are equal, therefore a 


Body at reſt cannot be 3 any Force, that is leſs than its Weight; and 
as I have, in the falling of Bodi 


es, demonſtrated the encreaſe of Force, it is 
therefore to be underftood, that all manner of Force, given by Preſſure, Blows, 
Liftings, Pullings, Drawings, Sc, is equal to ſome certain Weight. For if I 
put a pound Weight into a Scale, and with my Hand preſs down the other, ſo 

as 
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as juſt to ballance the Weight, the force of my Preſſure is then qual to a Pound 


and fo in the like manner, I may continue to encreaſe that Force on the one 


fide, againſt Weight in the other, until I praſs the whole Weight of my Body 
on the Scale: and which being the greateſt Force of this kind, that I can make, 
therefore no Man, with a 
of his own Body, unleſs his Body is confined to the Ground. , 

Acain, If with a Hammer I ſtrike a Blow in an empty Scale, ſo as juſt to 
raiſe a Pound Weight in the other Scale, the Force of that Row ma '< ſaid 
to be equal to one Pound, although in reality tis ſomething more, otherwiſe it 
could not juſt raiſe the Weight above the Level of the Scales. 

In this manner, the Force of Blows may be made equal to any given — — 
and by this Method of ſtriking into an empty Scale, againſt Weight increaſed or 
diminiſhed, as Occaſion may require, the Force of any Blow may be nearly and 
eaſily diſcovered ; and ſince that Bodies at reſt, cannot be removed, or put into 
Action, but by means of Forces or Powers fuperiour to their Weights, therefore 
to remove heavy Bodies, there has been an abſolute Neceſſity of inventing divers 
kinds of Powers, which with the ſtrength of a few Men, will raiſe and remove 
Bodies of very great Weights at — Bd, e 
LECT. III. 

Of the mechanical Powers in general. 
HE Powers uſed for theſe purpoſes, are uſually reckoned in number fix, 
wie. Firſt, Libra, the Ballance. Secondly, Vectis, the Lever, or Leaver. 

Thirdly, Trochlea, the Pulley. Fourthly, Axis in Peritrochio, or the Axis in the 
| Wheel, and in the Whind-lace. Fifthly, Cuncus, the Wedge; and ſixthly, 

Cochlea the Screw, But as I proceed, I ſhall prove the Ballance, the Pully, and 
the Axis in Peritrochio, to be no other than Leavers, and the Screw to be no 
more than a Wedge, fix ut the Body of a Cylinder ; therefore the fix Pow- 
ers are reducible-unto three. | | ON es 
ALL the Effects of theſe Powers, may be judged of by this 


8 U LE. ' ; 
When two Weights are applied to any of theſe Powers, the Weights will equi ; 
if when put into Motion, their Velicities be rec iprocally proportional to their 


reſpective . eigbes. 
Fist, Reciprocal Proportion, is when in four numbers, the fourth is leſſer than 
the ſecond, by ſo much as the third is greater than the firſt, and vice verſa. 


Tur whole Effect of theſe Powers, to raiſe or ſuſtain great Weights with a 


ſmall Power, is produced by a Diminution of the Veloeſty of the Weight to be 
raiſed, and increaſing that of the Power, in a reciprocal Proportion of the two 
Weights and their Velocities. That is, by giving as much more Velocity to the 
Power, as it weighs leſs thap the Weight, that the quantity of Matter fixed at 
each end of a Leaver or other Power, being multiplied by its Velocity, may 
ſhew that there is an equal Er of Motion at each end; and therefore it 

will follow, that when equal Motions act with contrary Directione, they 
cauſe an Equilibrium. TON Gl Ie 

SgconDLY,An Equilibrium, is wher, the two ends of aBallance hang ſo exactly 
level,. that neither doth aſcend or deſcend, but both keep in a Poſition Z ry 
to the Horizon, which is cauſed by their being both charged with equal Weight, 
as the Bodies 4 e, hanging at the ends of the Ballance @ 6, in Fig. M. 

In every Body there are properly three kinds of Centers, wiz. Its Center of 
Magnitude, its Center of Motion, and its Center of Gravity. | 
| FinsT, The Center of Magnitude of any Body, is that point which is equally 
diſtant from its extreme parts, as the central point a, of the Sphere, Fig. L, Ce. 
Secondly, The Center of Motion of any Bedy, is a Point, about which any Body 
moves, when faſtened any ways to it, or made to revolve or turn about it, 
the Body e, in Fig. N. being faſtened with @ String to the point a, and made 

| ; W ET to 


Pulley, can raiſe any Weight greater than chat 
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to turn about it in the Circle c 44, the point à is the Center of Motion to the 
Body e. | 

In the following Lectures on the Ballance, Leaver, and Axis in Peritrochio, 
the Center of their Motion, is called Fulcram. Thirdly, the Center of Gravity 
of any Body, is that point on which, if the Body be ſupported or ſuſpended 
from it, the Body will reſt in any given Situation. | 
I all regular bodies, Whoſe Matter is equally the fame throughout, the Cen- 
ters of Magnitude and Gravity are in the ſame Points, but in irregular Bodies 
not 'fo ; and therefore in irregular Bodies, the Center of Gravity will deſcend, 
till it gets under the Center of Motion, unleſs it be perpendicularly over it; 
and from henee we are taught a Method for finding the Center of Gravity of any 
irregular Body, as follows. viz. Suſpend or hang up ſuch a Body ſucceſſively, by 
different ſides, and with a Plumb-line, let fall from the Center of Suſpenſion, 7 
as to touch the Body in each Caſe. Obſerve where thoſe Plumb-lines would in- 
terſe each other, being continued . the Body, and their point of In- 
terſection is the Center of Gravity required. DEE | DF 
To find the Center of G avity common to two, or more Bodies, tonne&ted togethert by 

an inflexible Rod, or Rods. Fig. V and Z. Plate LXXVI. 

FixsT, Let the Bodies à e, Fig. V. connected together, by the inflexible Rod 
2c bf any known length, be given. Divide ac in 6; fo taat ab is to be, 
— - the Body @ ; then the point 6 is the Center of Gravity re- 


ired. 
Ss#conDLY, Let bdg, Fig. Z, be three Bodies, whoſe reſpeRive Centers 
of Gravity, are joined by the Lines b d, bg, and dg. The Line 6 4, being fo 
divided in c, that b e bears the ſame proportion to c 4, as the Body 4 bears to 
the Body 6 c is the Center of Gravity common to thoſe Bodies, as before in 
Fig. V. Draw the Line cg, which divide inf; ſo that cf; ſhall be to / g, as | 
the Weight of the two Bodies & and 4 are to the Body g; then the point F 
will be the Center of Gravity common to the three Bodies 6, 4, g, and they 
being ſuſpended at that point, will hang in a horizontal Poſition. 
To find the Center of Gravity of a Hemiſphere. Fig. V. Aa 
Macs 2 to 4 of its Radius; then the point c is the Center of Gra- 


— 


Tus Center of Gravity in geometrical Squares, Parallelograms, Rhombus's, 
and Rhomboides, is the point in each Figure, where the two Diagonals inter- 
ſect each other. | ; | 

ALL the of Homogeneous Bodies, have an equal Preſſure about their Cen- 
ters of Gravity, and therefore when the Center of Gravity of any Body cannot 
deſcend, the Body will remain fixed. This is manifeſt by the geometrical Square 
— Fig. AB, whoſe Center of Gravity is the point c, and which cannot de- 
ſcend, until the Diagonal af, raiſed on the Angle /, has paſſed the Perpendicu- 
lar i 1 which will carry c, the Center of Gravity with it beyond g, the Perpen- 
dicular of its Baſe, when it will conſequently deſcend. The ſame 1s alſo to be 
obſerved of the Rhombus IA: whoſe Center of Gravity is 9, and which mult 
be removed in the Arch g p, beyond o, the Perpendicular Limit of its Baſe 
In, before it can deſcend; but the Rhomboides x y 1 a0, whoſe Center of Gra- 
vity &, being without v ww, the perpendicular Limit of its Biſe 19 its Cen- 
ter x will deſcend in the Arch = 2, and conſequently the Fig. z y 1 ww, cannot 
ſtand on the Baſe 1 vw. From hence tis plain, firſt, That all Bodies, whoſe 
Centers of Gravity are within the perpeudicular Limits of their Baſe, cannot fall, 
Secondly, That all Bodies, whoſe Centers of Gravity are beyond the perpendi- 
cular Limits of their Baſe, cannot ftand. Thirdly, That the leſſer the Baſe of 
any Body is, the eaſier it will be moved out of its Poſition; becauſe the leaſt 
Change is capable of removing the Line of Direction beyond its Baſe, This 
is the cauſe, why a Ball, whoſe Baſe is a Point and a Cylinder, whoſe Baſe is a 
Line, are rowl'd eaſily by a ſmall Force, on a horizontal Plane, Is 


— — 


| ay c, on which the ſeveral things to be weighed, are to be ſuſpended. 


4 


RL i RR VVV 
Fixs r, That when a Power applied, can fuſtain a Weight w the means of a 
Ballance, Leaver, Pulley, &c, if an addition of Power, tho it be as little as can 
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be imagined, be made, it will overpoiſe or raiſe the Weight. "TA 
[ SzconDLY; That the weight of Leavers, Pulleys, &c. and their Friction is 


not ſuppoſed to be any thing, altho' Rules will be given for to find both. 
- TrinDLY, That a Leaver is conſidered as a right Line, and the Pin on which 


a Pulley moves, tae ſame. | 7 95 . . | 
Fouxrurr, By Power applied, is meant a Force, as that of Weight, Water, 


Wind, Ee. 


Fir rr, That whatever any of theſe Powers gain in Strength, they loſe in 


-LECTURE-IV.- 

HERE are three kinds of Ballances, wiz. The common Ballance, as 
uſed to common Scales. The Statera Romana, Roman Ballance, or Steel- 

yard, and the falſe Ballance. , | | 
Fist, The common Ballance is no other than a Beam divided into two equal 
parts, as 6 /, at c, Fig. O. (and by the enſuing Lecture, will appear to be a Lea- 
ver of the firſt kind) which inſtead of reſting on its Fulcrum at e, the Center of 
iy Motion is there ſuſpended. The two half parts & c, and c f; are called Bra- 
chia's. he | | 
To have the Ballance horizontal, the Center of Motion muſt be —— 

bove the Center of its Gravity ; for was they to be both in one point, whi 
they would be, was the Beam to be a right Line, as ae; then thoſe Weights 
which equiponderated when the Beam hung horizontally, would alſo equiponde- 
rate in any other Poſition ; whereas, when the Center of Motion is placed a 
litcle above that of Gravity as aforeſaid, if the Beam be inclined either way, 
the Weight moſt elevated, will ſurmount the other and deſcend, cauſing the Beam 


to ſwing, until by Degrees it recovers its horizontal Poſition. 


Tux reaſon is very plain. Suppoſe a i, Fig. P, be the Beam of a Ballance 
put into an oblique Poſition, and the Per lars a c, and i g, be drawn from 
= * a and i, to the —— Line 2g "tis eng — c e, the diſtance 
of the Perpendicular à c, is greater than eg, the diſtance of the Perpendicular g i: 
and as the Weight 1 is equal to the Weight o, the Weight m, will therefore 
raiſe up the Weight o. But was the Ballance a right Line, as 6 4, having its 


Center of Motion and of Gravity both in the point e, then the diſtances de, and 


e h, of the Perpendiculars 64, and 5 4, would be equal, and the equal Weights 
J and , would equiponderate in that oblique Poſition, which the Beam ae ; 
cannot do, becauſe the Center of its Motion, is above the Center of its Gravity, 
which cauſes the upper point a, to be the diſtance of cd, without the Perpen- 
dicular & 4, and the lower point i, to be the diſtance of g h, within the Perpen- 


dicular + 4, and therefore ce is longer than 7 by twice c d. 
ei 


. Tue Proportion that the Power has to the Weight in the common Ballance is, 


as 1, the length of one Brachia, is to 1, the length of the other Brachia; ſo is 


the Power applied, to the Weight required, to equipoiſe it. | 
— Ballance, commonly called the Steel-yard, 


II. Tus Statera Romana, or 


Eg. R and Q, Plate LXXVI. 


Tuls ſort of Ballance, is called the Reman Balance, from its being uſed in 
common at Rome, and it being originally made about 3 Feet in length, and of 
Steel, *twas therefore called a Steeltyard, and is thus made; Prepare a ſmall 


ſquare Far of Iron or Steel, as 12 4, Fig. R. of any length, and of equal thick- 


neſs, and let the point @ be the Center of Motion. Make the flat end 5 c, of 
ſuch Solidity, as to ballance the part 12 4. At any diſtance from a, fix a point 


Note 


eB aOaURk a &a wn of i... 


hk hd hs bis 


a a 


e; alſo 1 Pound Weight at 3, will equipo 


be underſtood of bended Leavers, as be AF, AE, AG, ud AL. 


* 
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Note, The gin © js here fixed below the freight Line 12 b, for the ſaue reaſon, 


Ar tn the common Ball, 


e. 

Daaw c6, perpendicular to the Line 12 5; make the Diviſions, @ 1 ; 1 
2, 31 3»43 Ce. each equal to.ab. Then 1 Pound Weid applied at 1, Val 
i 1 Pound at ; alſo 1 Pound Weight at 2, will equipoiſe 2 Pounds at 
|; x Pe ie 3 Pounds at c, and 1 Pound at 12, 
will equipoiſe 12 Pounds at c, &c. | e to one part, is to à 12, 12 


parts, ſo is 1 Pound Weight at 12, to 12 Pounds, (as the de „ 


therefore the point a, is the common Center of Gravity of the two Weights, becauſe 

13. the Sum of the two Weights, is to 1, the leaſt Weight, as the Length of the 

3 is to one part, the diſtance of the great Weight, from the Gn 
ravity. 


To find the common Center of Gravity of two Bodies applied ta a Beam of a known 


Weight and Length, which is not ballanced as Fig. R. was ſuppoſed ta be, by the 


more Solid purt b c. | 

LzT 43, Fig. Q. be divided into 13 parts, let the Body x be 1 Pound, and 
the Body 4 12 Pounds, and let the point @ be their common Center of Gravity, 
and the Weight of the Beam equal to 3 Pounds. On a the common Center of 
Gravity, hang the Weight / equal to the Weights x and 4, and at þ, the Cen- 
ter of Gravity of the Beam, bang the Weight g, equal to 3 Pounds, the Weight 
of the Beam. Then as the Sum of the Weights g and / 16 Pounds, is to 3 the 
leſſer Weight g; ſo is the diſtance +a, of thoſe two new Weights, 5 £; to 1 2 
the diſtance of a, from the true Center of Gravity required. 

III. A falſe Ballance as Fig. S. has its Beam unequally divided, as ce, and e d. 
which are to one another as g is to 10, &c. and its Scales being alſo in the ſame 
proportion, they will therefore equiponderate as the juſt Ballance, and whatever 
is weighed in the Scale, hanging on c, will be 7 leſs Weight than it really 
ought to be; but this Cheat is immediately diſcoyered by changing the Scales. 


LECTURE V. 
Of the Lever, commonly called the Lender. 


HER are three ſorts of Leavers, which are diſtinguiſk'd by the different 


manners of applying the Power and Weight. 
A Leaver of the firſt kind is that, whoſe Fulcrum is between the Power ap- 


plied, and the Weight that is to be raiſed, as Fig. A Q. Plate LXXVI. Where 
the Power is applied at 4, the Weight at c, and the Fulcrum at a. Hence 'tis 


plain, that the common Ballance Fg. O. the falſe Ballance Fig. S. and the No- 
man Ballanc: Fig. R. are all Leavers of the firſt kind, becauſe their Centers of 
Motion as Fulcrums, are between their Powers and Weights. 

To know what Weight can be raiſed by a Leaver of the firſt kind, this is the 
Analogy. 3 | | 

ws 4 I er Brachia ac, is to the greater Brachia da, fo is the Power applied 
at d, to the Weight it will equipetſe at c. Therefore a little more being added to 
the Power at 6, will raife the Weight required. 

THz Length of a Brachia is the diſtance of a Power, or of a Weight, from a 
Fulcrum, and is always equal to a Perpendicular let fallen from the Fulcrum, upon 
the Line of Direction of the Power or Weight. So bi Fig. AN. is the diſtance 
of the Power at 4, becauſe tis perpendicular to the Line of Direction 45, of the 
Power at d, in like manner the Line i e, which is perpendicular to e 6, the Line 
of Direction of the Power e, is the diſtance of the Power at e, as alſo is a i, tlie 


diſtance of the Power at c. Hence tis plain, that the greateſt Power is that at 


d, whoſe Line of Direction is right-angled with the Leaver 6, and which is 
yet more evidently ſo by the Power applied at g, whoſe diſtance from the Ful- 
crum, is no more than þ;, equal to the perpendicular . The Lke is allo to 
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Ir matters not, whether the Brachia's of a Leaver be ſtreight or curved, as 
Fig. AM, and A I. for in both theſe caſes the diſtances of the Powers and of the 
Weights from their Fulcrums, are the chord Lines of che Arches and not the 
Arches themſelves. 'The nearer the Weight is to, and the farther the Power is 
from, the Fulcrum, the leſs will be the Power, and the leſs will be the Height 
that the Weight can be raiſed ; for if the Body & in Fig. W. be removed nearer 
to the Fulcrum from op unto = n, it will not require fo t a Power at 3, to 
raiſe it, as when at op, nor can it be raiſed ſo high, as when at op ; for if two e- 
qual Bodies be placed at , and op, and „ the end of the Leaver 3, be forced 
own to 7, the Body op will be raiſed to ag, and the Body n, but to cb. 
WEN a Body is fixed on the end of a Leaver, as the Body o/c, Fig AK. 
ſo as to have its Center of Gravity above the Leaver, and is equipois'd by a 
Power at v, whoſe Line of Direction is perpendicular to the Leaver Iv; that 
Power will be encreaſed as the Body is raiſed, as to pa, and decreaſed as the ſaid 

Body is let lower to 7g; for in the firſt, the Center of Gravity of the Body at p 
is brought nearer to the Fulcrum, and in the laſt at 4 it is farther. When a Bedy» 
Cl | fix'd to the end of a Leaver, has its Center of Gravity below the Leaver, as the 
| | Body 8, 11, 10, 12. Fig. AH, to raiſe the Body as to 7, 53; the Power muſt be 

5 increaſed, but to let the Body down as to 16, 14, the Power mult be decreaſed, for 
tis evident that 13, 14, the central Line of the Body at 16, 14, is nearer to the 
- Fulcrum than 3,1, the Central Line of the Body at 7, 5, and conſequently will 

| be equipois'd at 6, by a leſſer Power as c, than that of g, _—_— at . | 

* Tus being underftood, the Nature of Leavers in general will be made eaſy 


* 


as in the following Problems doth appear. 
PROBLEM I. | | 
_ The Length and Weight of a Beam, which has a Body of known Weight fix'd to one 
Eud, bring given, to find the Center of Gravity on the Beam, on which one part 
ef the Beam ſhall eguipoiſe the other part, and the given Body alſo. 
Ru l E, As the Sum of the Weights of the Ballance and of the Body, is to the 
Length of the Ballance ; ſo is the Weight of the Body tothe leſſer Brachia; or ſo 
is the Weight of the Ballance only, to the greater Brachia. | 
Fes. H. Fig. T. Plate LXXVI. | | 
Two Bodies as eg, of known Weights, of which g is hung at b, to the end of a 
Beam of known Weight and Length, wherein the Fulcrum is fixed at a, to find a 
Fioint asC, ts hang the Weight e, ſo that the Weight e, and the Weight of the 
Ballance, ſhall equipoije the Weight g. 0 | 
Ler the Length of the Beam be 14 Inches, its Weight 2 Ounces, and the 
Fulcrum à one Inch from &, let the Body g be 15 Ounces, and the Body e, 1 
Ounce; divide the Beam in the middle at 4, and there hang the Body F equal 
to 2 Ounces the Weight of the Beam. Then as a 5, one Inch, the leſſer Bra- 
chia, is to ad, fix Inches, the greater Brachia, ſo is the leſſer Body f, 2 Ounces, 
| h to 12 Ounces, which is a part of the Body g, whoſe Weight is 15 Ounces, which 

'  _= 1. 3 Ounces more, than the 12 afareſaid, To find the point c, where the Body 

1 4 e, equal to 1 Ounce, will equipoiſe the aforeſaid 3 Ounces: Say, as the Body e 

4p one Ounce, is to 3 the remaining Ounces in the Body g, ſo is 1 the leſſer Bra- 
chia & a, to 3 the diſtance of the point c, from the Fulcrum a. Then the Body 
V equal to 2 Ounces, is to 12 Ounces in the Body g, as the Body e, equal to i 
Ounce, is to the 3 Ounces in g, and therefore the Bodies Fand e, being fix'd at 
d and c, will equipoiſe the Body g, on the Fulcrum a. 

A Lenver of the ſecond kind is that, whoſe Fulcrum is at one End, the 
Power at the other, apd hath the Weight between them, as Fig. X. Plate 
LXXVI. where ar is the Leaver, à its Fulcrum, r, the place where the Power 
is to be applied, and mn, and of, Weights pizced between them to be raiſed. 

To Inoav what Weight can be raiſed by a Lia ver of the ſecond kind this is the 
Analog v. a : | 8 

fs the diftance of the Weight from the Fulcrum, is to the difance of the Poarer 
from the) Fulcrum, [+ is the Power to the Weight, that «vill eguipoiſe it. 
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Hexcr'tis plain, that if a Leaver as 4/, Fig. A O. be divided into 4 equ-1 


parts at ef i, if the Body c be applied as a Power equal to 1 Pound, it will require 
2 Pounds to equipoiſe it in the middle at f; becauſe 1 Pound will be ſuſtained by 


the Fulcrum at J. And for the ſame reafon the Body at e, muit be 1 Pound and 


4, and that at i muſt be 4 Pounds. | | 

A Leaver of the third kind hath its Fulcrum at one of its Ends, the Weight 
at the other, and the Power applied in ſome part between them, as in Fig. AP, 
where ne, is a Leaver whoſe Fulcrum is at e, its Weight at u, and Power applied 
between them as at 45g, the equal divided parts, as in Fig. A O. 
= ra what Weight can be raiſed by a Leaver of the third kind, this is the 

alog y. | | 

As the Length of the Leaver, is to the diſtance of the Power from the Fulcrum, 
fo is the Power applied, to the Weight it wall L 

Now as the Power is applied between the Fulcrum and the Weight, therefare 
the Power muſt always be ſuperiour to the Weight; for if the Body be equal 
to 1 Pound, it will require a Power equal to 2 Pounds at Y; of 1 Pound + 8 
at , and of 4 Pounds at g, to equipoiſe it. 

To theſe three kinds of Leavers ſome add, what they call a Leaver of the 
— ga as Fig. AL, which in Fact is no more than a Leaver of the firſt 

ind, as having its Fulcrum c, between the two Brachia's & c and c 4. 


| LECTURE VI. 


Of the Pulley. 


N upper Pulley adds nothing to the Power, for in Fig. A, Plate LXXVII, 
to ſuſtain the Body F at c, there muſt be a Power applied by e at a, 


_ which is equal to the Weight of the Body /; becauſe à 4, the diſtance of the 


Power 2 A the Center of the Pulley, is equal to 4c, the diſtance of the 

Body from the Center; and from hence tis 5 that an upper Pulley is a 

Leaver of the firſt kind, becauſe conſidering its Diameter, as the length of the 

Leaver, its Center is the Fulcrum, and as both the Brachia's à 4 and 4c, are 

2 therefore an upper Pulley is of no other uſe, than to communicate the 
otion of the Rope, to an under Pulley. : | : 

Ax under Pulley, as Fig. I. doubles its Force, for if the Body F weighs 2 
Pounds, tis plain, that the Power applied at 4, can ſuſtain but half the — 
becauſe the Line on the Hook a, ſuſtains the like Quantity. Now if the Dia- 
meter 4 d, be truly conſidered, it will appear to be a Leaver of the ſecond kind 
for as the Pulley is always ring on the Line at b, therefore the Point 6 is the 


Fulcrum; and as the Line is always lifting at 4, therefore that end of the Dia- 


meter is to be conſidered as the Power, and as the Center of the Pulley is in the 
midſt between theſe Points on which the Weight hangs, therefore a Power e- 
qual to 1 Pound at 4. will equi-poiſe a Weight of 2 Pounds at c. For as bc 1, 
the diſtance of the Weight from 6 the Fulcrum, is to bd 2, the diſtance of the 
Power, ſo is 1, the Power applied, to 2, the Weight it will equi-poiſe. And 
in all Tackles of under Pulleys, the Power will be to the Weight it ſuſtains, as 
1 is to the number of Ropes applied to the lower Pulleys; fo in Fig. B. the 
Power at 4 is to the Weight, as 1 is to 2; in Hg. C, as 1. is to 3, in Fig. P. 


as 11s to 43 in Fig. E as 1 1s * and in Fig. Fas 1 is to 6. 


Wichrs may be ſuſtained by Pulleys, with a ſmall Power, the Pulleys be- 


| ing applied as in Fig. G, where the Body J, equal to 1 Pound, will equi-poiſe 


the Body 5s, equal to 8 Pounds. For as 1 Pound 1 at m, by means 3 
the upper Pulley 7 4, will equi-poiſe 2 Pounds at e, ſo that 2 PoanJs applied at 

p. will equipoiſe 4 Pounds at c, and that 4 Pounds applied at r, will equipoiſe 
8 Pounds at a, &c, For as 1 at u, is to 2 at e, ſo is 2 at p, to 4at c, and 4 at 


39 to 8 at a. 


A WEtcarT may be alſo ſuſtained by Pulleys with a ſmall Power, the Pul- 
leys being applied as in Fig. M; for if the Power at m be equal to 1 Pound, and 
I Cc2 | | again 
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don Weight. 


the ſmall Wheel e, is to 3, the Radius 


"$0 4 the Radius of the great Wheel n, fois 26 and *, the Power ap 
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inſt it be hung the Body 7 equal to 1 Pound, they will together equi-poiſe 
* Body 4, equally 2 unds, and the Body g, with „ 
Tequal tb 1, which together are equal to 4 pounds, will <qui-poiſe the Bo- 
| In Fiz. H, the Power at 1, equal to 1 Pound, 


pelle! POR of the Bey f hich together 
equipoiſes 1 Pound of the Body 4, which together, by means of the Pulley # 
pg ee 2 Pounds more of the Body #, and the together being Squat % 
4 Pounds, by means of the upper Pulley 5 d, equi-poiſes 4 Pounds mote in the 
Body #; ſo that in this Example, the Power at 7, equi-peiſes ſeven times its 


| LECT. vll. fac 
/ the Axis in Peritrochio, corumenyy called the Wheel and Axis. 


Fus Inſtrument is no other than a Wheel fixed on a Cylinder, as 4%, 


| ] on ab, Fig. W, Ne The central Line a J of the Cylin- 
der, is called the Axis, and the Wheel 4 # i, is called the Peritrochio. — 
Ir 6 4, and ef, be fixed on an Axis as 4 h, directly oppoſite and parallel, 
conſidered. as the two Brachia's ofa Leaver, then the Axis a b, on which 

6 are fixed, will be the Fulcrum; and if 3 4 be conſidered as the Radias of a 
4, Fig. W, and 97 Fig. T, the Radius of a Cylinder, on which 

the Wheel is fixed, as %, Fig. W, *cis plain, that this Machine is @ Leaver of 
the firſt kind; and therefore, as ef, the Radius of the Cylinder, Fig. V, is to 


dlc, the Radius of the Wheel; fo is the Power to the Weight ; and when Spokes or 
| Teeth are fixed in Wheels, then, as the diflance of the Extremes of thoſe on the 


Pinjon or ſmaller Wheel, from the Axis, is to the diſtance of the Extremes of 
hee on the greater Wheel, ſo is the Power, to the Weight. 8 | 
By the Multiplication of Wheels, very * Weights may be raiſed'; an 
Example of which I have given in Fig. K. where the Body 9, equal to 1 
— equi-poiſes the Body r, equal to 105 Pounds. By means of the four 
\ * = fo c, on whoſe Cylinders are fixed the ſmall] Wheels ge 3, whoſe 
Teeth work in the Circumference of the large Wheels. The Radius of every 


ſmall Wheel on the Cylinders is 1 Foot. The Radius of the . are as fol- 


lows, viz. The Radius of the Wheel c, is 2 Feet and half; of the Wheel o, 3 Feet ; 
of the Wheel 3 Feet and half, and of the Wheel a 4 Feet. Now the 2 to 
the Weight , is thus calculated; Firſt, As 1, the Radius of the ſmall Wheel 


b, 75.10. 2 and half, the Radius 4 the great Wheel c; fo is 1 the Power q, 1 2 


and half the Weight that it 
| the great Wheel o, fois 2 f the Power applied 
at o, by the ſmall Wheel b, to 7 5 the Weight that will tqui-poiſe at g. Thirdly, 
Hs 1, the Radius of tbe ſmall Wheel g. is to 3 and f the Radius of the great Wheel 
fo is 7 and , the Power applied at g by the ſmall Wheel e, to 26 and & the 
Weighe that will equipoiſe at n. Fourthly, As 1, the Radius of the e p- Fu 
ied at n, b 

ee I beel g, to 105 the Weight r, that awill but equi-poiſe the Body q equal to 


yi 7775 at o. Secondly, As 1, the Radius of 
0 


— : 


Tux Application of a Power to a Wheel, is always the greateſt when applied 
right Angles to its Radius, as the Power g / Fig. L. Plate LXXVII, which 


= perpendicular to the Radius c ff, and at the diſtance of cf, from the Fulcrum; 
4 


when a Power is applied obliquely, as 5 4 to the Radius ca, the 
Power is leſſened in Proportion, as Vc is to ec. | | 
LECTURE VIII. 
| Of the Wedge or inclined Plane. D 
A WEDGE s the moſt plain and ſimple Inſtrument of all the mechani- 


cal Powers, and is put into Action by the acting or ſtriking of another 
y upon it, which is called Percuſſion, Rh 4 
Ee | ; HE 


 -] 


Hypothenuſe. 
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Tux Center of Percuſſion, is a point on the top Surface of a Wedge, which is 
2 — — of che Body hor vs 3 the band, Fig: AC, 
s the | n, as 1 againſt a, the Center of Body, 
by ney at 8 — of Diredtion is Fa | f 
Ir is to be obſerved here, as in the preceding Powers, that the gfeateſt Force is 
made, when the ſtriking Body falls —— upon the upper of the 
. as the Mallet 5c, on the Wedge / in the Body 4, Fig. A D, whoſe 
Line of Direction is c 4. 3 
To underſtand the Power of the Wedge, which is ſuppoſed to be right · angled, 
as abe, Fig. X, the Lengths of its Baſe b c, and of its perpendicular eight 6 
muſt be known; for as the perpendicular Height b a, equal to 2, is to the Ba 
þ c, equal to 4, ſo is a Force equal to 10 Pounds, to 20 the Weight it will 
raiſe ; and therefore, the longer the Baſe is, with reſpe& to the Height, the lef- 
ſer is the Power required; and the ſhorter the Baſe is, the greater the Power muſt 
be, For ſuppoſing the Triangle c eg, to be a Wedge of equal Height with a b c, 
whoſe Baſe c g, is equal to 3. Then as 2 is to 3, ſo is 10 the aforeſaid Power 
applied, to 15, which is 5 leſs than 20, the Weight raiſed with the ſame Power 
by the Wedge a bc, and therefore to raiſe a Weight of 20 Pounds with the 
Wedge cg e, the Power muſt be encreaſed to 13 Pounds 3. For as 2 is to 3, fo 
is 13 4 to 20. But noe, That in all theſe Calculations, it is ſuppoſed, that 
there is no Obſtruction by Friction, but that the Surfaces of Planes, Wedges, 
&c. are perfectly ſmooth. Bodies may be raiſed by the means of one Wedge. 
as the Body d unto e, by the Wedge a b c, Fig. Z. if there be a reſiſting Body, 
as fg, that will admit the Wedge a bc, to paſs along the Line 6 8 to #; or 
when two Wedges mutually reſiſt the weight of the Body to be raiſed, as a bc, 
and c 4 Fig. O. which being equally driven by each other's ſides, will raiſe the 
Body. O, unto the Line @ e. | 
o raiſe a Body from the Ground, as a h 5 f, Fig. N, by means of the We 


e, is the ſame thing as to ſplit a Body aſunder, as Y, by the Wedge / d; for 


if the adhering of the parts of the Body together, which are to be diſ-united b 
the Wedge, be ed as Weight, the Power in both Caſes mult be equal, 
and the Force with which a Wedge will ſo lift a Weight, or diſ-unite the parts 
of a Body, by a Blow upon its end, will bear the ſame Proportion to the Force, 
wherewith the Blow would act on the Weight, if directly applied to it; as the 


Velocity which the Wedye receives from the Blow, bears to the Velocity, where- 


with the Weight is lifted, or the parts of the Body diſ-united by the Wedge. 
Bois may be equipoiſed on an inclined Plane, as the Body e, Fig. P. Plate 


LXXVII. by a Weight of leſs Force, as the Body @, provided that the Body a 


be to the Body e, as the perpendicular Height of the inclined Plane is to its 


LECTURE Ix. 

Of the Screw. | 

HIS Power is nothing more than a Wedge, or an inclined Plane, fixed a- 
bout the Body of a Cylinder, as Fig. A B. Plate LXXVII, or it may be 

conſidered as a Cylinder cut into continued inclined concave Surfaces, as f, w v. 

U. bounded by divers circumvolving Helixes or Threads, as e 4, K b, ol, x 9, 
* 


Tur Screw is applied in two different manners; as firſt, to work in a hollow 
Screw, which is called the Female Screw or Nut, fixed in ſome particular manner, 
as the nature of the octaſion requires; and ſometimes to the teeth of a Wheel, 
as to the Spindle of the Flyers of a Kitchen- Jack, &c. * 

Tus force of a Screw is according to the Angle that the Helix or Thread 


makes with the Baſe of the Cylinder, for as it is y a Wedge, therefore rhe 


more acute the Aſcent of the Thread is, the leſs Power is required to raiſea Body. 
For, as the Height of the Thread on one half Revolution, is to the Semi- circum- 


ference 
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ſerence of the Cylinder's Baſe, ſo is the Power, to the Weight; becauſe the Height 
of the Thread is conſidered as the Height of a Wedge, and the Semi- circumference 
of the Cylinder's Baſe, as the Baſe of a Wedge; and as this Power is worked 
by a Leaver of the ſecond kind, it may be made of prodigious Force: 
Suppoſe a Screw of 7 Inches Diameter, whoſe Circumference is 22 Un- 
ches, have its Thread to riſe 1 Inch in half a Revolution, then the Power of ſuch 
a Screw will be as 1, the Height of the half Revolution of the Thread, 
is to 11, the half Circumference of the Cylinder, ſo will the Power be, to 
the Weight it will Equipoiſe. And if a Leaver of 10 Feet in length, have its 
end put into the Cylinder of the Screw, ſo as to be juſt at the Axis of the Screw, 
which is done by putting 3 Inches and a half of the Leaver, into the Cylinder, 
then the Axis of the Screw, will be the Fulcrum of the Leaver, and the Out- 
fide. of the Cylinder will be the Weight to be removed. Now as in the remain- 
ing Length of the Leaver, wiz. ꝙ Feet, 8 Inches, and a half, equal to 116 Inches, 
contains 3 Inches and half, the diſtance of the Weight from the Fulcrum, 33 
times and 5 ; therefore the power of the Leaver only, is, as 1 is to 33 and 7. 
Now ſuppoſe a Man's Strength to be equal to 100 Pounds, then as 1 is to 33 J. 
ſo is 100 to 3300; and as the force of the Screw, is as 11s to 11, fois 
33005. the power 8 on the Screw by the Leaver, to 36,301 Pounds + 
its Equipoiſe ; which by a ſmall additional Power continued, may be raiſed to 
the Height of the Screw. | | | 


| | pos 7 6, 9 GP ' + 
Of the Volecities with which Bodies are raiſed, and the Spaces through which they, 


and their Powers move. 
| H AT any Engine gains in Power, it loſes in Space: in the Leaver 
Hg. W. Plate LXXVI, If s » be double to - 2 the end s being mo- 
ved down to t, muſt move with twice the Velocity, that the end p will * in 
moving to 9, and the Arch þ will be but half the Arch s z. | 
Tu ſame is alſo to be obſerved in the Leaver 21, of the ſecond kind, Fig. X, 
for in raiſing its end 7 to g, the Body at , removed to c, the end - will 
move with double the Velocity of the Body n, for the Arch r g, is double the 
Arch 6. In the raiſing of a Weight by one or more 24 Pulleys, the 
Space 5 which the 3 muſt paſs, is to the Space through which the 
eight muſt riſe, as the Power is to the 3 3 ſo in Fig. F, Plate LXXVII. 
as 1, the Power at x, is to 6 the Weight at W, ſo is 1 to 85 the Space through | 
which the Power muſt paſs ; and therefore to raiſe the Body W, 1 Foot in 
Height, the Power x muſt deſcend 6 Feet, and conſequently muſt move with 
6 times the Velocity of that of the Weight. F 
Tus like is alſo in the Wheel and its Axis; for to cauſe 1 Revolution of the 
| greateſt Wheel , on which the Body „ is fixed, the little Wheel c muſt make 
42 Revolutions ; and if the Diameter of the Cylinder p, be 2 Feet, the Weight 
will be raiſed 6 Feet 3. But as the Diameter of the ſmall Wheel c, is 5 Feet, the 
Power 9. equal to 1 Pound, muſt paſs through a Space equal to 42 times 15 Feet 
+ its own Circumference, equal to 660 Feet, or ſo much Rope muſt be drawn at 
' 98 from off the ſmall Wheel c. 3 | ; 
As I have already noted, that the more acute the Angle of a Wedge is made, 
the leſs Force is required; therefore whatever is gained in Force by the Acuteneſs 
of the Wedge, ſo much is loſt in Space or Tune, becauſe the more acute a 
Wedge be made, the greater Length the Wedge muſt be, to riſe equal in Height 
with another Wedge, whoſe Angle is leſs acute; and in the aforeſaid Example 
of the Wedge and Leaver, the Power muſt revolve 39 times in a Circle of 20 
Feet Diameter, whoſe Circumference is 62 Feet 5, to raiſe the Weight 5 Feet 
in Height, which Space is equal to 1885 Feet, 5. | 1 
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+ 5 HE Word Hydreflaticks, is deriy'd from J3up Water, and qraTay; the Science” 

- Weight, from arte to weigh. As to barns illuſtrate hk Belews every of 2 
Particulars, would not only fwell this Volume much beyond its intended Bulk, bu 
would contain many Particulars which are not immediately uſeful to Workmen, for whom this 
Work is deſigned, I ſhall therefore only ſpeak of ſuch Parts, as are abſolutely neceſſary to be un- 
derftood by Work men in general. | 

Bx von E we proceed to this Subject, I muſt firſt explain the Nature and Properties o 
Ai is an inviſible fluid Subſtance, which not CS the who.e Globe of 8 
Water, but is alſo contained in the Interſtices or Pores of all Bodies. Its principal Properties are 
Fluidity, Tranſparency, Rarification, Condenſation, Elaſticity, and Weight or Gravity, 

Tu ar Air is a Fluid, is evident by its yielding to every Force; that'tis tranſparent, js evident 
to every Eye; that it may be rarified, is evident by the Experiment of an empty Bladder tied 
cloſe at its Neck, and laid before a Fire, which will ſo rarify the little enclos'd Air, as to make 
it extend the Bladder to its utmoſt Stretch, and at laſt break through it, with a Report equal to a 
Gun. And by Computation it is prov'd, that the Air at Miles Altitude from the Earth, js 4 
times rarer or thinner than at the Surface; at 14 Miles Altitude, 16 times rarer ; at 27 Miles 64 
times 3 at 28 Miles 256 times; at 35 Miles, 1024 times; at 70 Miles about 1000000 ; and 
fo on in a geometrical Proportion of Rarity, compared with the Arithmetical Proportion of its 
Altitude, Vide Sir Iſaac Newton's Ol ticks, Page 342. 

By various Experiments it has been proved, that Air may be fo condenſed, as td take up but 
y part of the Space it poſſeſs d before, and Mr. Boyle found its Spring or Elaſticity fo great, as 
to dilate or expand itſelf ſo as to take up 13769 times a greater Space than before. This Power 
of Elaſticity is according to its Denſity, and its Denfity is found by Experiments, to be equal to 


| its Compreſſion. 


Tur Weight or Gravity of the Air, has been proved by divers Experiments of the Air-Pump, 
and Barometer, and *tis found, that a cubical Foot of Air at the Earth's Surface, is $30 times 
lighter than à cube Foot of River Water, and therefore its Weight is ſomething more than 1 Ounce 
and 2882; but the Weight of a Column of the Atmoſphere, on a ſquare Foot of the Earth's 
Surface, when the Air is the heavieſt, is found to be equal to 2259 Pounds Awvarrduporſe, (at 
which time the Mercury will riſe to 31 Inches,) which is 15 Pounds and 11. Ounces, on every 
ſquare Inch. But when the Air is lighteſt, that the Mercury is raiſed but to 28 Inches, then 


the Weight of the Atmoſphere on every ſquare Foot, is but 2025 Pounds, and on every ſquare 


Inch, 14 Pounds and 1 Ounce. ; 
Tux greateſt Extent of that part of the Air, which is called Atmoſphere, ftom the Surface of 
the Earth and dess, is about 45 Miles in Height. The Weight of the Air is greater the nearer it 
is to the Earth s Surface, which is cauſed by the great Weight of the Air next above it, 
| To find the Weight of a Pillar of the Atmoſphere, 

Tart a glaſs Tube, of about 3 Feet in Length, and about 1% or % of an Inch in Diame- 
ter, hermetically ſealed at one end. Fill it fail of Quickſilver, immerſe the open end, in a 
ſmall Baſon of Quickſilver, and then holding the Tube perpendicular, the Quickſilver within the 
Tube, will ſubſide or run out into the Baſon, until it be ſuſpended at ſome Height above 28 In- 
ches perpendicular Height. i ; 

Tax Fe why the „ e will be ſo ſuſpended, is, That the top of the Tube being 
\-a!-d, the Preſſurè of the Pillar of the Atmoſphere, perpendicularly over the top of the Tube, is 
made on the Top of the Tube only, and not on any part of the Quickſilver within it ; and if it 
be conſidered, that every part of the Quickſilver's Surface, in the Baſon about the Tube, equal 


to the Baſe of the Tube, is preſſed by the ſame Weight of Air as that on the top of the Tube, 


cis evident that the Preſſure of any one of thoſe parts, is equal to the Weight of the Qui-kfilver 
eſſing on its own Baſe ; therefore the Quickſilver cannot deſcend lower, and theretore the 


Weight of the Quickſilver inthe Tube, is equal to the Weight of a Pillar of the Atmoſphere of 


its own Diameter. 
On this Principle depends the raifing of Water out of Wells, by the help of a common 


Pamp. : 
1 * 24, may be ſcen that a Cube Foot of Quickſilver weighs 874 Pounds , and a Cube 


Foot of River Water 62 Puunls f,; therefore Quickſilver is ſomething more than _— 
5 ; avicr 
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be es en Ware, ent opal Rn ee etch © 
one 14 ater. 
_— to find ho high Well — by © Pamp in any Place obſerve how many 
Inches the Quickfilver will riſe in the Tube as aforefaid ; and ſo many times 14 Inches, Water may be 
raiſed by a Pump, becauſe every 14 Inches Height of Water is but the equipoiſe of an Inch of Quick- 
filver. Therefore when a Pillar of the Atmoſphere is equiþdis'd by a Pillar of Quickfilver, w 
Height is 30 Inches, to equipoiſe a like Pillar of the Atmoſphere with a e Wane? of the 
ſame Baſe, its Altitude muſt be 35 Feet which is 8 14 Inches, and which is generally the 
greateſt Height that Water Mn r 
Tur Antha or common Pump, Q. Plate LXXVII. is a Machine of a very long Date, 
which is ſaid to be the Invention of Cre 0 a Mathematician of Alexandria, about 120 Years be- 
fore 2 This Machine made of Lead conſiſts of a ſucking Pipe as 0 8 ſolder d to the Bottom 
— Pipe or Barrel, as at um, bot being made of Wood, is no mote than a common Pipe, 
Fa, En; AC . proper te in Top in 
is laced a VA ve as {, which opens upwards ; within the upper part of the Barrel is fitted a P;ſ- 
n ache the Bore 9 the Barrel „ in which alſo'is a Vulve, chat opens up 
To ch Piſton or Bocket is fixed ah Tron Rod a eG, which by 2 of the 
N eee n in 


Now Ear of the Pump 0 mance a, vnderftood, for when the Piſton b forced 
Son towards u, and a Quantity 5 in at the Top, the 2 Valves 2 then Hur, 
and the efietnal Air being ſeparated loony t within the fucking Pipe op, whoſe End p is be- 
fore immerſed in Water as ſoon as the Piſton with the Water poured on it is raiſed, the 
Air within the fucking i by the force of the Atihoſphert on the of the Water in the 
Well, is puſhed vp through the Valve at 7, and fills that part of the Barrel, in which the Piſton 
aſcended, at which infant the Valve at is mut. Now as much Air, as is contained 'between-the 
Valve at vn, and the Bottom of the „ ſo much Water at the ſame inſtant aſcended at the 
lower part of the ſucking Pipe. . The Piſton "being again forted down the Barrel towards = , the 
* confined Air under it, is compelled to force open the Valve at g, as the Piſton deſcends ;3 and it 
being lighter than the Water, is by the Water puſhed up into the external Ajr, and the Valve 
of the Piſton is inſtantly hut. Then the Piſton being raiſed, the Air ſucceds and the Water be- 
Jow aſcends after the Air, by the Preſſure of the Atmoſphere aforcſaid ; and fo by a few Repeti- 
tions the whole Air is pumped out, and the fucking Pipe and Barrel filled with Water. 

Now to raiſe the Water as the Piſton is forced down the Barrel, the Valve at an, heing then 
Hut, the Wrter under the Piſton, as befoxe was ſaid of the Air, in that part is compelled to open the 
Valve of the'Piſton,and admit the Piſtonto deſcend into it, which Valve is ſhut the very inſtant,that 
the Piſton is down; ant then the Piſton being raiſed as its Valve is then ſhut, that Water cannot 
return ack, and ts therefore lifted up by the Piſton, in the upper Part of tac Barrel, ſo as to be 
received at the Spout i, and st the iame Time the Valve at u, is forced open by the aſcending 
Water in the Pipe o pz and the lower part of the Barrel being again filled, the Vale at u , ſhuts 
and retains it for the next Deſcent of Piſton, and 3 action of the Pump may be con- 

tinued in raifing Water at pleaſure. 

Tnx Sypben or Crane, ab, Fig. R. Plate LXXVH is nothing more than a recurved or 
bended Pipe, having one nde longer than the other. And as the aſcending Liquid is forced up into 
the ſhorter Side, (the Air * firſt exhauſted) by the Preſſure of the Atmoſphere as before in the 
Pump, therefore Mercury will run from one Veſſel to another by the means of this Inftrument, 

| 1 of the Syphon is not more than 30 or 31 Inches above the Surface of the 
ercury, and Water, or Wine if the Height of the Bend doth not exceed 35 Feet; but in both 
theſe Caſes the mouth of the deſeending Tube muſt be ſomething lower than the Surface of the 
"Mercury, or Water into which the ſhort Tube i is immerſed, for if the deſcending Tube be equal 
to the aſcending Tube, the Fluid will remain in the Syphon, u ſs ſome external Cauſe more 
than the Air force it out; becauſe the Weight of the Fluid on both Sides are + By this Me- 
thod Water may be carried over Hills, as expreſſed in Fig. V. Plate LXXVI if their perpen- 
gicular Height above the Surface of the Water as g r, be leſs than 35 Feet. 

By the Preſſure of the Atmoſphere it is, that Mercury will aſcend to the ſame Altitude in all 

kinds of Veſſels and in any Situation, as is ſhewn in Fig. Sr Plate LXXVII. provided that their 
upper parts be perfectly doſe, ſo as not to admit any Air to enter in, and by the Preſſure of the 
þ cg tee it is, that Water in Reſervoirs is forced to enter the Conduit-Pipes for conveying of 
Water to any Fountain, &c. that is below the Horizon * be the diſtance 
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